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(54) TiUe: MODIFIED FREE-UVING MICROBES, VACCINE COMPOSITIONS AND MEFHODS OF USE THEREOF 



O i^'^ Abstract: Bee-living microbes are provided in which the nucleic acid has been modified so that the attenuated for proliferation 
O and/or which comprise genetic mutations that attenuate the ability of the microbe to repair its nucleic acid. Methods of using the 
^ modified microbes for the loading, activation, and/or maturation of antigen-presenting cells are also provided. Vaccine compositions 

comprising the modified microbes and/or the antigen-presenting cells and methods of using the vaccines are also provided. The 
^ microbes may be further modified to include heterologous antigens, such as tumor antigens or infectious disease antigens, for use as 

a vaccine against cancer or infections diseases. 
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MODIFIEE) FREE>LTVI NG MICROBES, VACCINE CQMPOSmONS AND 
METHODS OF USE THEREOF 

RELATED APPUCATIONS 

[0001] This application claims the priority benefit of U.S. Provisional Application 

No. 60/446,051, filed February 6, 2003, U.S. Provisional Application No. 60/449,153, filed 
February 21, 2003, U.S. Provisional Application No. 60/490,089, filed July 24, 2003, U.S. 
Provisional Application No. 60/511,869, filed October 15, 2003, the U.S. Provisional 
Application entitled "Listeria Attenuated for Entry into Non-Phagocytic Cells, Vaccines 
comprising the Listeria, and Methods of Use Therootl' filed February 2, 2004, the^contents 
of each of which are hereby incorporated by reference into the present disclosure. 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to vaccine compositions and 

immunotherapy. In particular, the present invention relates to vaccine compositions 
comprising a population of a modified firee-living microbe that can be used to deliver a 
particular antigen to an individual. In such compositions, the vaccine is directed against the 
microbe itself or against a heterologous antigen that has been incorporated into the 
microbe.) The present invention also relates to the use of die modified microbes to load 
and to induce the activation and maturation of antigen-presenting cells, such as dendritic 
cells. 

BACKGROUND OF THE INVENTION 
[0002] A variety of vaccines have been developed for clinical use, mostly targeting 

the prevention of infectious diseases caused by viruses, bacteria and parasites. Vaccines 
can be prepared firom live attenuated microbes, inactivated (killed) microbes, or 
components of the microbes themselves. Live attenuated microbes contain genetic 
altemtions, such as deletion of virulence factors, resulting in a less virulent microbe. For 
inactivated vaccines, a microbe may be chemically or physically inactivated. Ideally, such 
vaccines caimot cause an infection but are still able to stimulate a desired immune 
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response. Examples of inactivated vaccines include polio and influenza viruses, and 
bacterial vaccines against cholera and pertussis, although live attenuated -vaccines are an 
option for polio, influenza, and cholera as well. In order to elicit the desired immxme 
response, it is important that the inactivated nodcrobe comprises the appropriate antigens 
prior to inactivation. It has been observed in some cases that inactivating the microbe 
results in a significanfly reduced immune response because de novo gene expression by an 
infecting microbe is required to stinrulate an optimal immune response. This is particularly 
important for intracellular bacteria. Methods that have been used to inactivate bacteria 
include the use of acetone, alcohol, formalin, glutaraldehyde, paraformaldehyde, or phenol, 
heating, or ultraviolet irradiation [Pace et al., Vaccine 16(16):1563 (1998)]. 
[0003] In addition to using mdcrobial vaccines to prevent infectious diseases caused 

by the microbe itself, the microbes can be modified to contain heterologous nucleic acid 
sequences thatencode a certain protein or antigen. Such recombinant microbes are xised as 
delivery vehicles and may be used as vaccines to stimulate an immime response to the 
heterologous antigens. These recorobinant vaccines have been shown to *be effective in 
animal models. An oral vaccine of live attenuated Salmonella modified to express 
Plasmodium berghei circumsporczite antigen has been shown to protect mice against 
malaria [Aggarwal et al, J Exp Med 172(4):1083 (1990)]. Similarly, U.S. Patent No. 
6,051,237 describes a live recombinant form of Listeria monocytogenes that grows and 
spreads and expresses a tumor-specific antigen for use as a cancer vaccine. While such 
recombinant vaccines may be effective, each microbe strain must be genetically modified 
to provide the vaccine. It would therefore be desirable to develop a metiiod of producing a 
safe and effective microbial vaccine that can be appUed to any microbe, whetiier or not the 
microbe comprises recombinant antigens. Dendritic cell (DC)-based immunotherapy has 
been widely investigated and demoiistrated to provide a clinical benefit for the treatment of 
a wide range of tumor types. A variety of strategies are presently being developed to 
isolate and generate autologous dendritic cells (DC), and subsequently load them with 
antigen or peptides ex vivo prior to patient vaccination. Recent advances in the 
iinderstanding of immune mechanisms have, in addition to efficient antigen loading, 
highlighted the importance of the activation and maturation state of DC used for 
vaccination on the efiBcacy of cancer immunotherapy. Whereas immature DC are more 
effective in the uptake and processing of antigen, activated/mature DC lose this capacity, 
yet are more potent at presenting antigen to naive T lymphocytes in the context of MHC 
molecules* In fact, mature DCs have been found to be potent antigen presenting cells 
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(APC) to induce primaxy T lymphocyte responses, overcoming peripheral T cell tolerance 
and enhance anti-tumor immunity. Despite the development of a variety of methods to 
load and to stimulate the activation and maturation of DC that has led to encouraging 
clinical data, there still are not standard efficient and cost effective metJhods for combining 
antigen loading with DC activation and maturation. 

SUMMARY OF THE INVENTION 

[0004] The mvention involves a free-living microbe, in which tlie proliferation of 

the microbe is attenuated while maintaining sufficient microbial gene e3q)ression, wherein 
the attenuation can be controlled in a dose-dependent manner. The inv^ention includes 
methods for this attenuation of the free-living microbe. The invention includes vaccine 
compositions comprisixig these attenuated microbes. The present inveixtioB^lso provides 
' novel uses of modified microbes, and attenuated Listeria^ in particular, to load and to 
induce the activation and maturation of antigen-presenting cells, such as dendritic cells, in 
vitro or ex vivo. The resulting antigen-presenting cells are useful in vaccines and 
immunotherapy. la peirticular embodiments, the provided vaccines and immunotherapy are 
directed against cancer. 

[0005] In one aspect, the invention provides a vaccine comprisixig a free-living 

microbe, wherein the nucleic acid of the microbe (e.g., genomic nucleic acid) is modified 
so that the microbe is attenuated for proliferation. In some embodimeDits, the attenuation of 
the proliferation of the microbe is controllable in a dose-dependent manner. In some 
embodiments, microbial gene expression in the microbe is substantially unafiEected by 
attenuation of tiie proliferation of the miprobe. In some embodiments, the microbe in the 
vaccine expresses an antigen at a sufficient level to induce an inunune response to the 
antigen in an individual upon administration of the vaccine to the individual. In some 
embodiments, tiie nucleic acid has been modified by reaction with a nucleic acid targeted 
compound (alternatively termed a nucleic acid ''targeting'* compound) which reacts directiy 
with the nucleic add. In one embodiment, the nucleic acid target compoimd is an alkylator 
such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In other 
embodiments, the nucleic acid targeted compound is a psoralen comppiond (e.g., 4 -(4- 
amino-2-oxa)butyl-4,5%8-trimethylpsoralen, also referred to herein as "S-59") activated by 
UVA irradiation, hi some embodiments, the microbe in the vaccine co3iq)nses a genetic 
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mutation that attenuates the ability of the microbe to repair its nucleic acid that has "been 
modified. In some embodiments, the micTObe is a bacterium, such as Bacillus anthracis or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine furtfher 
comprises a phannaceutically acceptable carrier and/or an adjuvant The invention further 
provides a method of preventing or treating a disease in a host, comprising administering to 
the bost an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen comprising administering to tbie host 
an effective amount of the vaccine, wherein the microbe expresses the antigen. 
[00O6] In anotiier aspect, the invention provides a vaccine comprising a free-living 

microbe (e.g., a bacterium) which is defective with respect to at least one DNA repair 
enzyme. In some embodiments, the free-living microbe comprises a genetic mutation in 
one or more gene selected from the-group consisting of phrB, uvrA, uvrB, uvi€, uvxD and 
recA, or in a functional equivalent of one or more gene selected from the groiq) consisting 
of pLrB, uvrA, uvrB, uvrC, uvrD and rec A. In some embodiments, tte microbe comprises 
genetic mutations in both uvrA and uvrB (or in functional equivalents of both uvrA and 
uvrB, depending upon the genus and species of the microbe). In some embodiments, the 
microbe is defective with respect to RecA (or the functional equivalent of RecA, depending 
upon the genus and species of the microbe). In some embodiments, the microbe comprises 
a heterologous nucleic acid sequence encoding an antigen (for instance, a cancer artiigen, or 
an ixifectious disease antigen foreign to the microbe). In some embodiments, the vaccine 
further comprises a phaimaceutically acceptable carrier or an adjuvant. The invention 
further provides method of preventing or treating a disease in a host, comprising 
administering to the host an effective amotmt of the vaccine. The invention also provides a 
method of inducing an immune response in a host to an antigen conq)rising administeriag 
to the host an effective amount of the vaccine wherein the microbe expresses the aixtigen. 
[00O7] In another aq)ect, the invention provides an isolated mutant Listeria strain, 

such as a mutant Listeria monocytogenes strain, comprising a genetic mutation tihat 
attenuates its abihty to repair its nucleic acid. In some embodiments, the mutant Lf^/ma 
straixL is defective with respect to at least one DNA repair enzyme (such asUvrA anc3/or 
UvrB). In some embodiments, the mutant Listeria stmin comprises a genetic mutation m 
the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is the Listeria 
monocytogenes act/iluvrAE strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA--S563. La other embodiments, the strain 
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is a mutant of the Listeria monocytogenes actAlwrAB' strain deposited with the American 
Type Culture CoUectiota. (ATCC) and identified by accession number PTA^-5563, wherein 
the mutant of the deposited strain is defective with respect to UvrA, UvrB^ and ActA. The 
invention further provides vaccines and professional antigen-presenting cells comprising 
the mutant Listeria straiax Methods of using the modified Listeria strain to induce immune 
responses and to prevent or treat disease are also provided 

[0008] In another aspect, the invention provides an isolated mutant: Bacillus 

anthracis strain, comprising a genetic mutation that attenuates its ability to repair its 
nucleic acid. In some embodiments, the mutant strain is defective with respect to at least 
one DNA repair enzyme (such asUvrA and/or UvrB). In some embodimexits, the mutant 
strain comprises a genetic mutation in the uvrA gene and/or the uvrB gene . In some 
embodiments, the mutant strain is attenuated with respect to RecA. In some embodiments, 
"the mutant strain comprises a genetic mutation in the recA gene. In some embodiments, the 
mutant strain comprises one or more mutations in the lef gene, cya gene, ox both genes, that 
decreases the toxicity of the strain. The invention further provides vaccines and 
professional antigen-presenting cells comprising the mutant strain. Methods of usiag the 
modified Bacillus anthrcicis strain to induce immune responses and to prevent or treat 
disease are also provided. 

[0009] In one embodiment, the invention includes a vacciae comprisiag bacteria 

that has been reacted with a psoralen compound and UVA Ught, wherein the proliferation 
of the bacteria is attenuated. In one embodiment, the bacterial expression is sufficiently 
active after the psoralen modification such that the psoralen attenuated baoteria can 
continue to express a protein antigen, wherein when the bacteria is administered to an 
individual, an inmnme response to the antigen is elicited. In one embodinxent, the desired 
immune response is to the bacteria itself. In one embodiment, the bacteria, are a 
recombinant strain that expresses a heterologous protein antigen, wherein ^hen the bacteria 
is administered to an individual, an immune response to the heterologous antigen is 
elicited. Such a vaccine comprising a heterologous antigen may be designed to treat or 
prevent a variety of diseases including infectious diseases, autoinmiune diseases, allergies, 
cancers, and other hyperproliferative diseases. 

[0010] For tiie treatment or prevention of infectious diseases, the disease causing 

agent may be prepared according to &e methods of the ioivention to be used as the vaccine. 
In one embodiment, a vaccine can be prepared fiom a microbe of the invention comprising 
a heterologous antigen firom fhe disease-causing agent, such as a virus, bacterium or 
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parasite. Such a vaccine may provide a level of benefit when the health risk of receiving 
the bacterial vector is significantly less than the risks associated with possible infection by 
the infectious agent A heterologous vaccine for the treatment or prevention of infectioiis 
disease that is attenuated by the methods of the present invention may have other benefits 
as well. First, it may not be possible to prepare an attenuated Uve vaccine or a killed 
vaccine directly firom the infectious agent itself. Second, if a live vaccine is required, it 
may not be possible to otherwise attenuate the infectious agent and still maintain an ' 
appropriate immune response. 

[0011] Another possibility is that the antigen inserted into the bacterial vector does 

not stimxilate an immime response in an individual in the absence of the innate immune 
response induced by the bacterial vector. For example, diseases in which autologous cells 
proliferate improperly may contain antigens that do not typically stimulate an immune 
response. It may be usefiU to fight such diseases by findmg-a way to stimulate such an - 
inamune response against an autologous antigen. In one embodiment the proliferatrag cells 
express or over express an antigen at higher levels than on a normal cell so that the inmxune 
response is largely specific to the proUfemtiLng cells. Diseases that may be treated with 
such a vaccine include, but are not limited to, autoimmune diseases, allergies, cancers and 
other hyperproliferative cellular diseases. La another embodiment, the vaccine may target a 
product of the disease or a disease related target rather than the diseased cells themselves. 
For example, tumors may be treated with a vaccine targeting vascular endothelial growth 
factor (VEGF), which is essential for generation of new blood vessels required to feed 
tumor cells. The VEGF is peripheral to the tumor cells themselves but is prevalent in areas 
of tumor growth and is a viable vaccine target that could potentially limit the growth of the 
tumor cells. Another example is a vaccine that comprises an antigen that will elicit a 
response to a disease related protein, such as the proteins tibiat cause the amyloid plaques 
characteristic of Alzheimer's disease or Crexitzfeldt-Jakob disease. Similarly, the vaccinae 
may target proteins involved in autoimmune or allergic responses. The vaccine may 
comprise an idiotype antigen that can elicit a response to the specific antibodies or cells^ 
such as B-cells or T cells, causing an autoiromime or allergic response. 
[0012] In one embodiment, the invention includes a vaccine-composition 

comprising a free-living microbial population in which the microbial nucleic acid is 
modified so that the proliferation of the microbial population is attenuated, wherein the 
microbial gene expression is substantially tmaffected. In one embodiment, the microbial 
gene expression is substantially unaffected so that an antigen is expressed at a level 
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sufficient to stimulate an immune response upon administration of the microbial population 
to an individual. In one embodiment, the proliferation of the microbial population is 
attenuated by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, about 
4 log, about 6 log, or at least about 8 log. In another embodiment, the prolifeiation of the 
microbial population is attenuated by about 0.3 to > 10 log, about 2 to >10 log, about 4 to 
>10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 1-5 log, 
or about 2-5 log. In one embodiment, the expression of an antigen by the microbial 
population is at least about 10%, about 25%, about 50%, about 75%, or at least about 90% 
of the expression of the antigen by a microbial population in which the microbial nucleic 
acid is not modified. In one embodiment, the antigen expressed is an antigen Erom the 
microbe itself. In one embodiment, the microbe comprises a heterologous nucleic acid 
sequence encoding an antigen. In one embodiment, the antigen is a disease associated 
antigen. In one embbdiment, the antigen is associated with a disease selected-firom the 
group consisting of infectious diseases, autoimmune diseases, allergies, cancers , and other 
hyperproliferative diseases. In one embodiment, the antigen is a tumor associated antigen. 
In one embodiment, the tumor antigen is selected from the group consisting of 
differentiation antigens, tissue-specific antigens, developmental antigens, tumor-associated 
viral antigens, cancer-testis antigens, embryonic antigens, oncoprotein antigens, over- 
expressed protein antigens and mutated protein antigens. In one embodiment, flhe tumor 
antigen is selected from the group consisting of mesothelin, Spl7, gplOO, EphA-2, PR3, 
PAGE-4, TARP, and SP AS-1 . In one embodiment, the microbial nucleic acid is modified 
by a method selected from the group consisting of exposing the microbe to radiation and 
reacting the microbe with a nucleic acid targeted compound that causes the modification of 
the microbial nucleic acid. In a preferred embodiment, the nucrobial nucleic acid is 
modified by reacting the microbial population with a nucleic acid targeted compound that 
reacts directly with the ziiicleic acid. In one embodiment, the nucleic acid taigeted 
compound is targeted to the nucleic acid by a mode selected from the group consisting of 
intercalation, minor groove binding, major groove binding, electrostatic binding, and 
sequence-specific binding. In one embodiment, the nucleic acid targeted compoimd 
comprises a nucleic acid alkylator. In a preferred embodiment, the nucleic acid targeted 
compound is P-alanine, ]Sr-(acridin-9-yl), 2-[bis(2-chloroefhyl)amino]ethyl ester. In one 
embodiment, the nucleic acid taigeted compound that reacts directiy with the nucleic acid 
reacts upon activation of the compound by irradiation, preferably by UVA irradiation. In 
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one embodimerLt, the nucleic acid targeted compound activateci by UVA irradiation is a 
psoralen. In a preferred embodiment, the psoralen is 4'-(4-anujio-2-oxa)butyl-4,5*,8- 
trimethylpsoralen. In one embodiment, the nucleic acid targeted compound indirectly 
causes the modijELcation of the nucleic acid. In one embodimeat, the nucleic acid targeted 
compoimd indirectly causes modification upon activation by irradiation, preferably by 
UVA irradiation. In one embodiment, the microbe comprises a genetic mutation. In one 
embodiment, the genetic mutation results in the attenuation of the ability of the microbe to 
repair microbial nucleic acid that has been modified. In one embodiment, the genetic 
mutation is in th.e gene selected fi:om the group consisting of phrB, ttvrA^ wvrB, wvrC, uvrD 
and recAy or their fimctionally equivalent genes, depending oa the genus and species of the 
microbe. In one embodiment, the genetic mutation is in more than one of the genes 
selected firom the group consisting of phrB, wvrA, wvrB, uvrC, uvrD and recA, or their 
functionally eqtiivalent genes, depending on the genus and^ecies of the microbe. In an 
embodiment whiere the mutation is in the recA gene, whether alone or in combination with 
one or more other mutations, the recA mutation is a conditional mutation. In one 
embodiment, the genetic mutation results in the attenuation in the activity of at least one of 
a DNA repair enzyme selected firom the group consisting of PhurB, UvrA, UvrB, UvrC, 
UvrD and RecA. In one embodiment, attenuation in the activity ofRecA is conditional. In 
a fijrther embodiment, the microbes containing these mutations are modified by reaction 
with a psoralen activated by UVA irradiation. In a preferred embodiment, the psoralen is 
4'-(4-amino-2-oxa)butyl-4,5*,8-trimethylpsoralen. In one embodiment, the microbe is 
selected Scorn the group consisting of bacteria, protozoa and fungi. In one embodiment, the 
microbe is a bacteria. In one embodiment, the bacteria is a mycobacteria. In one 
embodiment, the mycobacteria is Mycobacterium tuberculosis. In one embodiment, the 
bacteria is an intracellular bacteria. In one embodiment, tiie intxacellular bacteria is 
Bacillus anthraais. In one embodiment, the intracellular bacteria is Yersinia pestis. In a 
preferred embodiment, the bacteria is a Listeria^ preferably Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in ttae attenuation of the ability 
of the Listeria to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria by pliagocytic cells. In one embodiment, the Listeria mutation is in an 
intemalin gene(s). In one embodiment, the Listeria mutation is in the gene selected fix)m 
the group consisting of zw/A, m/B, and any gene encoding an irttemalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in bofli flie inlA and 
inIB genes. In one embodiment, the Listeria comprises a mutation that results in the 
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attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. In 
one embodiment, the Listeria mutation is in the My gene. In one embodiment, the Lister-ia 
comprises a mutation that results in the attenuation of the polymerization of actin by th& 
Listeria, In one embodiment, the Listeria mutation is in ttte actA gene. In one 
embodiment, the Listeria monocytogenes comprises more than one mutation. In a preferred 
embodiment, the Listeria mutations are in both the actA axxd inlB genes, preferably deletion 
mutations in both the actA and inW genes. 

[0013] In one embodiment, the invention includes a vaccine comjprising a microl)ial 

popialation in which the microbial nucleic acid is modified by reaction with a nucleic acid 
targeted compound that reacts ciirectly with the nucleic acid so that the proliferation of tiae 
microbial popxxlation is attenuated, wherein the microbial gene expression is substantially 
unaffected, and wherein the microbe of the population comprises a heterologous nucleio 
acid sequence encoding a tumor antigen.- In one embodiment, the microbial gene 
^* expression is substantially unaffected so that the tumor antigen is expressed at a level - 
su£5cient to stimulate an immune response upon admmistration of the microbe to an 
individual. In one embodiment, the proliferation of the microbial population is attenuated 
by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, about 4 log, 
about 6 log, or at least about 8 log. In another embodiment, the proliferation of the 
microbial population is attenuated by about 0.3 to > 10 log-, about 2 to >10 log, about 4 to 
>10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 lag, about 0.3-5 log, about 1-5 log, 
or about 2-5 log. In one embodiment, the expression of the tumor antigen by the microl>ial 
population is at least about 10^, about 25%, about 50%, about 75%, or at least about 90 % 
of the expression of the tumor antigen by a microbial population in which the microbial 
nucleic acid is not modified. In one embodiment, the tumor antigen is selected from the 
group consisting of differentiation antigens, tissue-specific antigens, developmental 
antigens, tumor-associated viral antigens, cancer-testis antigens, embryonic antigens, 
oncoprotein antigens, over-expressed protein antigens and mutated protein antigens. In one 
embodiment, the tumor antigen is selected from the group consisting of mesothelin, Spl"7, 
gplOO, EphA2, PR3, PAGE-4, TARP, and SPAS-1. In one embodiment, the nucleic aci<i 
targeted compoimd comprises an alkylator. In one embodiment, the alkylator is selected 
frota the group consisting of nrustards, mustard intennediates and mustard equivalents. In 
one embodiment, the nucleic aoid targeted compound comprises a nucleic acid targeting 
group selected from the group eonsisting of intercalators, minor groove binders, major 
groove binders, electrostatic binders, and sequence-specific binders. In one embodiment 

9 



wo 2004/084936 PCT/US2004/003671 

the nucleic acid taigeted compound is P-alanine, N-(acridin-9"yl), 2-[bis(2- 
chloroethyl)aniino]ethyl ester. In one embodiment, tbe nucleic acid targeted compoimd 
reacts directly with the nucleic acid upon activation of the compoimd. In on& embodiment, 
the activation of the compound is by irradiation. In one embodiment, the inB.diation is 
UVA irradiation. In a preferred embodiment, the nucleic acid targeted compound is a 
psoralen compound activated by UVA irradiation. In a preferred embodimeixt, the psoralen 
is 4*-(4-aniino-2-oxa)bixtyl-4,5',8-trimethylpsoralen. In one embodiment, the microbe of 
the population comprises a genetic mutation. In one embodiment, the genetic mutation 
results in the attenuation of the ability of the microbe to repair microbial nucleic acid that 
has been modifieA In one embodiment, the genetic nautation is in the gene selected ftom 
the group consisting of jphrB, uvrA, uvrB, iatC, Mvrl> and recA, or their ftmciionally 
equivalent genes, depending on the genus and species of the microbe. In one embodiment, 
thei^genetic miitatibn is in more than one'of the genes selected from the group consisting of 
pArB, MvrA, wvrB, wvrC, uvrD and recA, or their functionally equivalent genes, depending 
on the genus and species of the microbe. In an embodiment where the mutation is in the 
recA gene, whether alone or in combination with one or more other mutations^, the recA 
mutation is a conditional mutation. In one embodiment, the genetic mutation xesults in the 
attenuation in the activity of at least one of a DNA repair enzyme selected from the group 
consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA. In one embodiment^ attenuation 
in the activity of RecA is conditional. In a further embodiment, the microbes oontaining 
these mutations are modified by reaction with a psoralen activated by UVA irradiation. In 
a preferred embodiment^ the psoralen is 4 -(4-amino-2-oxa)butyl-4,5\8-trimettiylpsoralen. 
In one embodiment, the microbe is selected from the group consisting of bacte^xia, protozoa 
and fungi. In one embodiment, the microbe is a bacteria. In one embodiment, the bacteria 
is an intracellular bacteria. In a preferred embodiment, the bacteria is a Listerf^i, preferably 
Listeria monocytogenes. In one embodiment, the Listeria comprises a mutatio ja that results 
in the attenuation of the ability of the Listeria to invade non-phagocytic cells without 
significantly afiecting the uptake of the Listeria by phagocytic cells. In one embodiment, 
the Listeria mutation is in an intemalin gene(s). In one embodiment, the Lister-ia mutation 
is in the gene selected from the group consisting of /n/A, inlB^ and any gene en.coding an 
intemalin. In one embodiment, the Listeria monocytcg-efies comprises a genetic mutation 
in both the inlA and inlB genes. In one embodiment, the Listeria comprises a mutation 
that results m the attenuation of the ability of the Listeria to escape the pbagoly^sosome of 
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an infected cell. In one embodiment, the Listeria mutation is in the hly geae. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the 
polymerization of actin by the Listeria. In oixe embodiment, the Listeria nxutation is in the 
ac/A gene. In one embodiment, the Listeria monocytogenes comprise naoxe than one 
mutation. In a preferred embodiment, the Listeria mutations are in both the actA and inlB 
genes, preferably deletion mutations in both the actA and inW genes. In a preferred 
embodiment, the Listeria monocytogenes acLA/inlB deletion mutant further comprises a 
deletion mutation in the uvrAB gene. 

[0014] In one embodiment, the invention includes a vaccine comprising a Listeria 

monocytogenes population in which the listerial nucleic acid is modified by reaction with a 
psoralen activated by UVA irradiation so tiiiat the proliferation of the listerial popxilation is 
attenuated, wherein the listerial gene expression is substantially unaffected, and wherein 
the Listeria monocytogenes comprises a heterologous nucleie*acid sequence encoding a- 
tumor antigen. In a preferred embodiment, tke psoralen is 4'-(4-amino-2^oxa)butyl-4,5*,8- 
trimethylpsoxalen. In one embodiment, the listerial gene expression is substantially 
unaffected so that the tumor antigen is expressed at a level sufficient to stimulate an 
immune response upon administration of the Listeria to an individual. In one embodiment, 
the prohferation of the listerial population is attenuated by at least about 03 log, also at 
least about 1 log, about 2 log, about 3 log,aboxit 4 log about 6 log, or at least about 8 log. 
In another embodiment, the proliferation of tb.e listerial population is attenirated by about 
0.3 to > 10 log, about 2 to >10 log, about 4 to >10 log, about 6 to >10 log, about 0.3-8 log, 
about 0.3-6 log, about 0.3-5 log, about 1-5 log, or about 2-5 log. In one emlDodiment, the 
expression of the tumor antigen by the listerial population is at least about 1 0%, about 25%, 
about 50%, about 75%, or at least about 90% of the expression of the tumor- antigen by a 
listerial population in which the listerial nucleic acid is not modiBed. In one embodiment, 
the tumor antigen is selected from the group consisting of differentiation antigens, tissue- 
specific antigens, developmental antigens, tunaor-associated viral antigens, oancer-testis 
antigens, embryonic antigens, oncoprotein antigens, over-expressed protein antigens and 
mutated protein antigens. In one embodiment-, the tumor antigen is selected from the group 
consisting of mesothehn, Spl7, gplOO, EphA2, PR3, PAGE-4, TARP, and SPAS-1. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation. In one 
embodiment, the genetic mutation results in flxe attenuation of the ability of the Listeria 
monocytogenes to repair nucleic acid that has l^een modified. In one embodiment, the 
genetic mutation is in the gene selected from the group consistmg ofphrB^ wvrA, wvrB, 
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wvrC, uvrD and recA, In one embodiment, the genetic mutation is in more than one of the 
genes selected from the group consisting ofphrB, uvrA, uvrB, uvrC, uvrD and recA. In an 
embodiment where the mutation is in the recA gene, whether alone or in combination with 
one or more other mutations, the recA mutation is a conditional mutation. In one 
embodiment, the genetic mutation results in the attenuation in the activity of at least one of 
a DNA repair enzyme selected from the group consisting of PhrB, UvrA UvrB^ UvrC, 
UvrD and RecA. In one embodiment, attenxiation in the activity ofRecA is conditional. In 
one embodiment, the genetic mutation results in the attenuation of the abiUty of the Listeria 
monocytogenes to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria monocytogenes by phagocj^c ceDs. In one embodiment, tie genetic mutation 
is in an intemalin gene(s). In one embodiment, the Listeria mutation is in the gene selected 
from the group consisting of inlA^ inlBy and any gene encoding an intexnalin. In one 
embodiment, the Listeria monocytogejies comprises a genetic mutatiori in both the inlA and 
inlB genes. In one embodiment, the Listeria comprises a mutation that results in the 
attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. In 
one embodiment, the Listeria mutation is in the hly gene. In one embodiment, the genetic 
mutation results in the attenuation of the polymerization of actin by the Listeria, In one 
embodiment, the Listeria mutation is in the actA gene. In one embodiment, the Listeria 
monocytogenes comprises more than one mutation. In a preferred embodiment, the Listeria 
mutations are in both the actA and inlB genes, preferably deletion mutations in both the 
actA and inlB genes. In a preferred embodiment, the Listeria monocytogenes actA/inlB 
deletion mutant further comprises a deletion mutation in the uvrAB gene. 
[00 15] In another aspect, the invention provides a professional antigen-presenting 

cell (e.g., a dendritic cell) comprising a free-living microbe, wherein tlxe nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. In some 
embodiments, the attenuation of the proliferation of the microbe is controllable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by attenuation of the proliferation of the microT)e. In some 
embodiments, themicrobe in the vaccine expresses an antigen at a sufficient level to induce 
an immime response to the antigen in an individual upon administration of the vaccine to 
the individual. In some embociiments, the nucleic acid has been modifiLed by reaction with 
a nucleic acid targeted compomid which reacts directly with the nucleic acid. In one 
embodiment,the nucleic acid target compound is an aUcylator such as |3-alanine, N-(aciidin- 
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9-yl), 2-[bis(2-cUoroethyl)aimiio]efliyl ester. In oflier embodiments, the nucleic aoid 
targeted compound is a psoralen compound (e.g., 4'-(4-amino-2-oxa)butyl-4,5',8- 
trimetfaylpsoialen, also referred to herein as *'S-59") activated by UVA irradiation. In some 
embodiments, the microbe in the vaccine comprises a genetic mutation that attenua~l:es the 
ability of tibe microbe to repair its nucleic acid that has been modified. In some 
embodiments, die microbe is a bacterium. In some enLbodiments, the microbe comprises a 
heterologous nucleic acid sequence encoding an antigen. The invention also provides a 
vaccine comprising tbie antigen-presenting cell. The iiLvention &rther provides a method of 
preventing or treating a disease in a host, comprising administering to the host an effective 
amount of the antigen-presenting celL The invention also provides a method of inducing 
an immune response in a host to an antigen comprising adnoinistering to the host an 
effective amount of the antigen-presenting cell, wherein the microbe expresses the ajntigen. 
The invention further provides a method of activating niaive T cells ex vivo mAltx^mr vitro 
(not mutually exclusive), comprising contacting the narve T cells with the professioraal 
antigen-presenting cell under suitable conditions and for a sufGcient time to activate the 
naive T-cells. 

[0016] In another aspect, the invention provides an isolated professional antigen- 

presenting cell (e.g., a dendritic cell) comprising a fiee-living microbe (e.g., a bacterdmn) 
which is defective with, respect to at least one DNA repair enzyme. In some embodiments, 
the microbe comprises a genetic mutation is in one or nxore gene selected from the group 
consisting of phrB, uvrA, uvrB, uvrC, uvrD and recA, ox in a functional equivalent o jf one 
or more gene selected &om the group consisting of phrB, uvrA, uvrB, uvrC, uvrD an_<l 
recA. For instance, the microbe may comprise genetic mutations in both uvrA and u-vrB, or 
in functional equivalents of bofli uvrA and uvrB (depending on the genus and species of the 
microbe). In some embodiments, the antigen-presenting cell is defective with respect to 
RecA, or the functional equivalent of RecA. In some ennbodiments, the microbe conatprises 
a heterologous nucleic acid sequence encoding an antig&n. Methods of preventing or 
treating a disease in a host, comprising administering to the host an effective amount of the 
antigen-presenting cell are also provided, as are methods of inducing an immune resp onse 
in a host to an antigen comprising administering to the host an effective amount of the 
antigen-presenting cell, wherein the microbe expresses thie antigen. 
[00 17] In another aspect, the invention provides a method of loading professional 

antigen-presenting cells with an antigen comprising contacting the professional antigon- 
presenting cells (in vitra or in vivo) with a ftee-living microbe that comprises a nucleio acid 
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sequence ^coding the antigen, under suitable conditions and for a sufiBcient tiiae to load 
the professional antigen-presenting cells, wherein the nucleic acid of the microbe is 
modified (e.g., has been modified by reaction with a nucleic acid targeted compoxmd that 
reacts directly with the nucleic acid) so that the microbe is attenuated for proliferation. 
[0018] In still another aspect, the invention provides a method of activatrug and/or 

maturing professional antigen-presenting cells comprising contacting the professional 
antigen-presenting cells (in vitro or in vivo) with a free-living microbe that compxises a 
nucleic acid sequence encoding an. antigen, under suitable conditions and for a svifficient 
time to load the professional antigen-presenting cells, wherein the nucleic acid of the 
microbe is modified (e.g., has been modified by reaction with a nucleic acid targeted 
compoimd that reacts directly with, the nucleic acid) so that the microbe is attenuated for 
proliferation. 

[0019]" • In yet another aspect, the invention provides a method of preventijag or 
treating a disease in a host, comprising the following steps, (a) loading professional 
antigen-presenting cells with an antigen by contacting the cells with a free-living microbe 
that comprises a nucleic acid sequence encoding an antigen, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation; and (b) 
administering an effective amount of a composition comprising the loaded professional 
antigen-presenting cells to the host. In some embodiments, the microbe has been, modified 
by reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid. 
[0020] In still another aspect, flie invention provides a method of loading 

professional antigen-presenting cells, such as dendritic cells, with an antigen(s), comprising 
contacting the cells in vitro or ex x^zvo with a modified microbe e>qpressing the antigen, 
under suitable conditions and for a time sufficient to load the antigen-presenting cells. In 
some embodiments, proliferation of the microbe is attenuated. In some embodinxents, the 
microbe maintains sufiScient gene expression to effect antigen presentation by the cell, 
even though proliferation of the naicrobe is attenuated. The antigen presentation can be 
MHC class I presentation or MHC class n presentation. 

[0021] In another aspect, ttie invention provides a method of activating and/or 

maturing antigen-presenting cells (for instance, dendritic cells) comprising contacting the 
antigen-presenting cells in vitro or ex vivo with a modified microbe under suitable 
conditions and for a tune sufficient to activate the dendritic cells and/or to allow the 
antigen-presenting cells to mature. In one embodiment, proliferation of the microbe is 
attenuated. In another embodiment, the microbe maintains sufGcient gene expression to 
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eflfect activation and/or maturation of the cell, even though proliferation of tko microbe is 
attenuated. 

[0022] In still another aspect, the invention provides a method of inducing an 

immune response to an antigen, comprising administering to the host an efifecti've amoimt 
of an immunogenic composition comprising an antigen presenting cell (such as a dendritic 
cell) presenting the antigen, wherein the antigen-presenting cell comprises a modified 
microbe. In one embodiment, proliferation of the microbe has been attenuated. In another 
embodiment, the microbe maintains sufiBcient gene expression to effect antigerx 
presentation by the cell, even though proliferation of the microbe is attenuated. In one 
embodiment, the immune response is a CDS"*^ T-cell response. In another embodiment, the 
inunune response is a CD4'*' T-cell response, 

[00231 In yet another aspect, the invention provides a method of inducing an 

immune response to an antigen, comprising the following steps: (a) contacting antigen- 
presenting cells (such as dendritic ceUs) in vitro or ex vivo with Listeria expressing the 
antigen under suitable conditions and for a time sufficient to load the antigen-presenting 
cells with the antigen and to effect activation and/or maturation of the antigen-presenting 
cells; and (b) administering an effective amoimt of the antigen-presenting cells to the host 
In one embodiment, proliferation of the microbe is attenuated. In another embodiment, the 
microbe which is contacted with the antigen-presenting cells maintains sufficient gene 
ejqjression to effect both presentation of the antigen on the antigen-presenting o ell and 
activation and/or maturation of the antigen-presenting cell, even though proliferation of the 
microbe is attenuated. In one embodiment, the immune response is a CDS'*" T-oell 
response. In another embodiment, the immune response is a CD4"** T-cell response. 
[0024] In another aspect, the invention provides an ex vivo or in vitro professional 

antigen-presenting cell comprising a modified microbe, wherein proliferation of the 
microbe is attenuated. In another embodiment, the modified microbe maintains sufficient 
gene expression to effect antigen presentation by the dendritic cell, even though, 
proliferation of the microbe is attenuated. In one embodiment, the antigen-presenting cell 
is a dendritic cell. 

[0025] In yet another aspect, the invention provides a vaccine comprising an 

antigen-presenting cell (such, as a dendritic cell), wherein the antigen-presenting cell 
comprises a modified microbe. In one embodiment, the rnicrobe is Xiy/er/a. In one 
embodiment, proliferation of the Listeria has been attenuated. In another embodiment, the 
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Listeria maintains sufficient gene expression to effect antigen presentation on the cell, even 
though proliferation of the Listeria is atteniiated. 

[0026] In a still further aspect, flie invention provides a pharmaceutical composition 

comprising an antigen-presenting cell (sucb. as a dendritic cell) and a phannaceutically 
acceptable carrier, wherein the antigen-presenting cell comprises mo^itA Listeria, In one 
embodiment, proliferation of the Listeria has been attenuated. In another embodiment, the 
Listeria maintains suflBcient gene expression to effect antigen presentation by the cell, even 
though proliferation of the Listeria is attenizated. 

[0027] In some embodiments of eaoh of the aforementioned aspects, the modified 

microbe is a modified Listeria. In additional embodiments of each of the aforementioned 
aspects, th.e Listeria is Listeria monocytogenes. In still further embodiments, the Listeria 
comprises a mutation in one or more genes selected from the group consisting of phrB^ 
uvrAy uvrSy uvrQ uvrD, and recA, For instance, in any of the aforementioned aspects, tie 
Listeria optionally comprises a mutation in ttvrAB. In alternative embodiaients, the 
Listeria optionally comprises both a mutation in uvrAB and actA. 

[0028] In other embodiments of eact of the aforementioned aspects, the attenuation 

of the Listeria has been effected by exposure of the Listeria to a cross-linking agent In. 
some embodiments of each of the aforemerLtioned aspects, the cross-linking agent is p- 
alanine, N"-(acridin-9-yl), 2-[bis(2-chloroethLyl)amino]ethyl ester. Iq other embodiments of 
each of the aforementioned aspects, tiie cross-linking agent is a psoralen derivative and the 
Listeria is exposed to UVA light. In some embodiments of each of the aforementioned 
aspects, thie cross-linking agent is 4'-(4-amino-2-oxa)butyl-4,5*,8-trimethylpsoralen (also 
referred to herein as "S-59")- 

DRA.WINGS 

[0029] Figure 1 shows the attenuation of wild-type Listeria DP-L40S6 containitxg 

OVA antigen as a function of psoralen S-59 concentration (2 J/cm^ UVA) along with the 
measuienient of OVA antigen presentation to a daidritic cell line. The bacterial log titer 
and % of antigen presented relative to untreated (data is for 100 Listeria per DC 2.4 cell) 
are plotted vs. nM S-59. 

[00301 Figure 2 shows flie attenuation of wild-type Listeria DP-L4056 (2A) and 

LLO- mutant DP-L4027 (2B) containing OVA antigen as a function of alkylator conqjoxmd 
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I concentration along with the measurement of OVA antigen presentation to a dendritic cell 
line. The bacterial log titer and % of antigen presented relative to untreated (data is fax 1 
Listeria per DC 2.4 cell) are plotted vs. |iM compouad I. 

[0031] Figure 3 shoAvs a comparison of the inactivation of wild type E. coll to 

repair deficient mutant CSR 603 {uvrA recA phr mutant) as a function of S-59 
concentration (2 J/cm^ UVA). The bacterial log titer is plotted vs. nM S-59 (log scale). 
[0032] Figure 4 sho^s the mean tumor volume as a function of days post implant of 

B16 OVA tumors into C57B1/6 mice that are vaccinated at days 3, 7, and 14. The vaccines 
tested are with and without S-59 treatment. 

[0033] Figure 5 shews the percent survival as a function of days post implant of 

B16 OVA tumors into C57B1/6 mice that are vaccinated at days 3, 7, and 14. The vacoines 
tested are with and without S-59 treatment. 

[0034] Figure"? shows flow cytometry results showing a population of spleen oells 

that are TNF-ot and IFN-y positive from mice vaccina.ted with wild type ListBriu wiflx amd 

without OVA expression, with and without S-59 UVA treatment (PCT). Figure 6A shows 

the population of cells q)ecific for LLOi9o.2io- Figure 6B shows the population of cells 
specific for OVA. 

[0035] Figure 7 shows ELISPOT results showing the number of IFN-^ spot forming 

cells per 2 x 10^ spleen cells upon stimulation with either SL8, LLOijo-aoi, or LLQ296-304, 
from mice vaccinated with the indicated wild type Listeria strains with or without S-5^ 
UVA treatment (PCT). 

[0036] Figure 8 shows the attenuation of Listena strains with and without deletion 

of uvrAB. The log titer is plotted vs. nM concentration of psoralen S-59 used (6 J/cm^) • 
Figure 8A, strains DP-L401 7(L461T LLO mutant)anci wild type (DP-L4056). Figure SB, 
strains DP-L4017 and DP-L4029 (AacM). 

[0037] Figure 9 shows the attenuation ofDP-I>t029(AaciJ4)£wteria strain 

containing OVA antigen as a function of psoralen S-59 concentration along with the 
measurement of OVA antigen presentation to a dendritic cell line. The parent strain ( ixi 
this case, LactA\ 9A, 9C) is compared to the stram witOi a uvrAB deletion {6uvrAB\ 9B, 
9D). The bacteiial log titer and % of antigen presentation relative to untreated are plotted 
vs. nM S-59. Figures 9A, 9B, dosed with 0.5 J/cm^ ITVA, washedLfsteria once, dosed 
again with 5.5 J/cm^ UVA, antigen presentation measured at 1 Listeria per DC 2.4 cell. 
Figures 9C, 9D, Listeria was grown in the presence of S-59, then dosed with 6 J/cm^ ITVA, 
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antigen presentation measured at 10 Listeria per DC 2.4 cell. (Expanded plots of the data 
are also provided in Figures 9C and 9D.) 

[0038] Figuxe 10 shows polyacrylamide gels of "^^S methionine/cysteine 

incorporated into protein synthesized by S-59/trVA treated Listeria mono^togenes strains 
DP-L4029 {AactA) and DP-L4029 uvrAB (AactAAuvrAB). 

[0039] Figure 1 1 shows the ELISPOT assay for spleen cells from mice vaccinated 

with 59/UVA treated (two methods) Lw^ena monocytogenes strains DT''LA029(AactAy 
OVA or /\actAAuvrAB'OYA^ stunulated with 0"VA specific antigen SL8, LLO specific 
antigens LLO 190 and LLO 296. Figure 1 lA shows spot forming colonies on plates 
stimulated with OVA specific antigen. Figure 1 1 B plots the IFN-y spot forming cells per 2 
X 10^ spleen cells for all three antigens. 

[0040] Figure 12 shows the Intracellular Cytokine Staining (ICS) assay for spleen 

cells from mice vaccinated with S-59AJVA treated (two methods) Listeria monocytogenes 
strains DP-L4029(zIac/l4)-OVA or AactAAmrAB-OVA^ stimulated with OVA derived T 
cell epitope SL8 (12A), LLO specific class n antigen LLO190.201 (12B), or LLO specific 
class I antigen LLO296-304 (12C). The S-59/UVA. treated Listeria are maifced *TCr' (stands 
for photochemical treatment) in the figure. 

[0041] Figure 13 shows the niunber of colony forming units isolated per spleen 

(13A) or liver (13B) firom mice vaccinated with S-59/UVA treated (two nxethods) Listeria 
monocytogenes strains T2iP-lA029{AactA) or AaciAAuvrAB and challenged wifli wild type 
Listeria monocytogenes thirty days after vaccination. 

[0042] Figure 14 shows the number of colony forming units isolated per spleen 

(14A) or liver (14B) fix>m mice vaccinated with S-59AJVA treated (grown, with psoralen, 
then UVA treated) Listeria monocytogenes straiiis DP-L4029(idaci£^) or DT-L4029 
AactAAuvrAB (Ix, 3x, or Sx vaccination) and challenged Avith wild typo Listeria 
monocytogenes thirty days after vaccinatioa 

[0043] Figure IS shows the antibody titer of Listeria specific antibodies from serum 

of mice vaccinated with S-59/IIVA treated (grown with psoralen, then UVTA treated) 
Listeria monocytogenes strains DP-L4029(^ci4) or AactAAuvrAB (Ix, 3>c, or 5x 
vaccination). 

[0044] Figure 16 shows the percent survival (10 days post challenge) of mice 

vaccmated wifli S-5 9/UVA treated (grown with psoralen, tiien UVA treate<i) Listeria 
monocytogenes strains TSP'lAQ29(AactA) or AactAAuvrAB (Ix, 3x, or 5x v^accination) and 
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challenged with 20 x LD50 or 100 x LD50 wild type Listeria monocytogenes thirty days 
after vaccination. 

[0045] Figure 17 shows the results of an ICS assay for spleen cells from mice 

vaccinated with S-59AJVA treated (grown with psoralen, then UVA treated) Listeria 
monocytogenes strains DP-L4029(AiciJ.4)-OVA AHl A5 or AactAAuvz-AB-OVK AH1A5, 
stimulated with antigens LL091, AHl, AHIAS, or ceUs P815 or CT2 6 cells. 
[0046] Figure 1 8 shows the results of an ELISPOT assay showing plates with spot 

fonnijQg colonies for spleen cells from mice vaccinated with S-59AA^^ treated (grown with, 
psoralen, then UVA treated) Listeria monocytogenes strains DP-L402 9(AactAyOVA 
AHl A5 or AactAAuvrAB-OVA AH1A5, stimulated wifli AH1A5 (18A) or AHl (18B) 
antigeiL 

[0047] . Figure 19 shows lungs from mice with established CTZ6 lung tumors given 
a therapeutic vaccination wiih S-59/UVA treated bP-L4029, with or without a AwrAB 
Mutation (19A). The number of hing metastases are plotted for each vaccine strain (19B),'' 
The sxirvival of the remaining mice is plotted in Figure 19C. 

[004S] Figure 20 shows mice with established CT26 tumors w^ere given therapeutic 

vaccination vnUi Listeria monocytogenes AactA, AactA AH1-A5, Aac^AuvrAB AH1-A5 
and AactAAinW AH1-A5. The AuvrAB strain was either no treatment^, heat-killed (HK) or 
S-59 UVA (PCT) treated. The lungs harvested from a subset of the mice are shown in 
Figure 20A, with the number of tung metastases ia each group plotted in Figure 20B. 
Survival of the remaining mice is plotted in Figure 20C (parent strain) and 20D (AuvrAB 
straiii). 

[0049] Figure 21 A shows fluorescent microscopy iioages of DC 2.4 cells infected 

by wild type Listeria monocytogenes uvr-AB mutant that has been S-5^/UVA treated, 
showing merged image Q[^i}i Listeria axxd actin positive) and Rhodamine image (only actin 
positive). Figure 21B is a plot of the percentage of the Listeria monoqytogenes that is in 
the cyiioplasm for wild type and AuvrAB strains (live, heat-killed or S-59 UVA treated) 
compared to LLO". 

[005O] Figure 22 shows a negative image photomicrograph of Chram stained 

Listeria monocytogenes wild-type and At^rAB strains that have been S-59/UVA treated. 
[0051] Figure 23 shows tiie target cell populations foUovmig injection into mice 

vaccinated with the xrii^Q&ieAListeria strains or vehicle control. The reduced levels of - 
antigen-specific target cells relative to non-specific target cells indicates iri vivo 
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cytotoxicity of T cells in response to the vaccination. Figure 23 A shows results for AHl- 
A5 expressing vaccines witb. vaccination at days 0 (also 1 and 2 for S-59 UVA treated 
strains). (The top row in 23 A and 23B shows results for mice vaccinated with the indicateca 
vaccines for AHl target cells. The bottom row shows results fox mice vaccinated with the 
indicated vaccines for AH1-A5 target cells.) Figure 23B has a repeat vaccination at day 14- 
(15 and 16 for S-59 UVA treated) and Figure 23C looks at an OVA specific response. 
[0052] Figure 24 shows the attenuation of Bacillus anthr-acis Sterne strain with and 

without deletion oiuvrAB, The log titer is plotted vs. nM concentration of psoralen S-59 
present during growth and UVA irradiation (6 J/cm^). 

[0053] Figure 25 shows Listeria uvrAff are more susceptible to S-59/UVA light 

inactivation. Listeria were grown to mid-log phase, washed in PBS, incubated for 5 min 
with varying concentrations of S-59 and illuminated at 2.1 J/cm2 of UVA light. The 
viabiUty oT Lw/ma was assessed by ^owth on BHI agar plates. (A) Representative BHI 
agar plates of Listeria treated at 100 nM S-59. Heat-killed served as control; (B) 

Viability of Listeria treated at varying concentrations of S-59 to form colonies on BHI agar 
plates. 

[0054] Figure 26 shows that S-59/UVA treated, non-viable Listeria wrAB retain 

their metabolic activity and the expression of their genomic repertoire. (A) Metabolic 
activity determined in a MTT assay of S-59AJVA inactivated Zz^tena urvAB. Live and 
heat-killed iw^ena uvrAB served as control; (B) Quantification of the metabolic activity of 
inactivated Listeria uvrAB strain determined in a MTT assay. 

[0055] Figure 27 shows that fully inactivated Listeria uvrAB retain their capacity to 

infect DC and to escape from the phagolysosome. The murine DC line, DC2.4, grown on 
coverslips was infected at an MOI of 1 for 30 mm at Extracellular bacteria were 
carefully removed by several washes and infected cells were inc-ubated for 5 hrs at ?>TC in 
the presence of gentamicin to prevent growth of extracellular bacteria. DC2.4 cells were 
fixed with 3.5% formaldehyde and then staiaed with rabbit anti-Zris/ena antibody, detected 
with a goat-anti-rabbit FTTC secondary antibody, Actin was detected with Phalloidin- 
rhodamine and the nucleus was visualized using DAPL 

[0056] Figure 28 shows that fiiUy inactivated Listeria uvr-AB efficiently load 

antigen into the MHC class I pathway of murine bone marrow-derived DC (BM-DC). Day 
5 BM-DC were iofected with a MOI of 100 for 30 min at 37°C. Extracellular bacteria were 
removed by several washes. Infected BM-DC were co-incubated with B3Z overnight and 
activation was determined by hydrolysis of the chromogenic substrate CPRG (absorbance). 
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[0057] Figure 29 shows that Listeria infe?cted human immature monocyte-derived 

DC upregulate activation (29 A) and maturation markers (29B) as well as secrete pro- 
inflammatory cytokines (29C). DCs were infected with Listeria at different MOI for 1 
hour. Infected DCs were cultured for additional 24 hours in the presence of gentamicin to 
prevent the growth of extracellular bacteria. Phenotypic changes were determined by flow 
cytometry. C5^okine levels were determined from cell supematants using the Cytometric 
bead array kit (Pharmingen). 

[0058] Figure 30 shows that S-59/UVA inactivated Listeria uvrAB OVA induce 

OVA-specific immxmity in vivo. Female C57BL/6 mice were administered intravenously 
with 1x10^ CFU of S-59/UVA inactivated Zw/er£a uvrAB OVA. The S-59/UVA 
inactivated parent Listeria strain and heat-killed ^Listeria served as control. Seven days 
later, spleens were harvested and OVA-specific CD8+ T cell responses were assessed by 
- IFN^ ELISPOT. (A) Representative ELISPOT wells are shown; (B) OVA-specific 
immunity assessed by ELISPOT. Spleen cells o£^ vaccmated mice were cultured with or 
without OVA25 7-264 peptide. 

[0059] Figure 3 1 shows the primary amiixo acid sequence of the heterologous 

antigen LL0-OVA/PR3 (SEQ ID NO:48). The figure also shows the OVA H-2 K*' epitope 
(SEQ ID N0:49) and the PR3 HLA A-2 restricted class I epitope (a,k.a. PRl) (SEQ ID 
NO:50). 

[0060] Figure 32 shows the compound 4 -(4-amino-2-oxa)butyl-4,5*,8- 

trimethylpsoralen (S-59). 

DETAILED DESCRIPTION OF THE INVENTION 

[0061] The present invention involves modified firee-living microbes and the use of 

modified firee-living microbes in vaccine compositions, wherein the nucleic acid of the 
microbe is modified so that proliferation of the mdcrobe is attenuated. In some 
embodiments, the microbial gene expression is substantially imaffected by the 
modification. The present invention also involves the use of the modified microbes for 
antigen loading and induction of the acrivation/niaturation of antigen presenting cells 
(APCs), in vitro or ex vivo. The antigen may be either an antigen produced naturally by th« 
modified microbe, or may be a heterologous antigen expressed by a recombinant microbe. 
The resulting antigen presenting cells are suitable for use in vaccine compositions and for 
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immunotherapy. The immune response stimulated by administration of the resxilting 
vaccine compositions may be a CD4* or a CD8^ inmiune response. 
[0062] One such modified microbe is Listeria monocytogenes. The m\rentors have 

engineered Listeria to be partictdarly sensitive to inactivation by psoralens, a group of 
compounds that form irreversible cross-links in the genomes of bacteria after illumination 
with ultraviolet A (UVA) light, so that they are non-viable. (See Example 3, below.) The 
attenuation of proliferation of wild-type and modified Zw/ma while maintaining 
expression of model antigens has now been shown (see Example 1-2 and 1 1, below). The 
modified Listeria is also shown to provide an anti-tumor response (Examples 4 and 14-16, 
below) and induce antigen-specific T-cell responses (Example 5) and in vivo cytotoxic 
responses (Example 20). Listeria is rapidly phagocytosed by DC and transported into the 
phagolysosomal compartment. This encounter results in the phenotypic maturation of the 
DC and subsequent secretion of a broad profile of immimostimulatory cytokines, including 
IFN-y, IL-12, and TNF-a. .The inventors have now demonstrated that infection of 
immature DC with recombinant Listeria results in rapid DC activation/maturation, together 
with MHC class I-restricted presentation of an encoded heterologous antigen. 
Additionally, degradation of Listeria vaccines within the phagolysosome results in 
presentation ofencoded antigen via the MHC class II pathway. (See Examples, below) 
[0063] Another such modified microbe is Bacillus anthracis. The inveixtors have 

also engineered attenuated strain of Bacillus anthracis which are particularly sensitive to 
inactivation by psoralens (see Example 21, below). 

[0064J Accordingly, the invention provides a vaccine comprising a fiee-liviag 

microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proliferation. In some embodiments, the attenuation of the proliferation of 
the microbe is controllable in a dose-dependent manner. In some embodiments, microbial 
gene expression in the microbe is substantially unaffected by attenuation of the 
proliferation of the microbe. In some embodiments, the microbe in the vaccine expresses 
an antigen at a sufficient level to induce an immune response to the antigen in an individual 
upon administration of the vaccine to the individual. In some embodiments, the nucleic 
acid has been modified by reaction with a nucleic acid targeted compound whicti reacts 
direcfly with the nucleic acid. La one embodiment, the nucleic acid target compound is an 
alkylator such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In 
other embodiments, the nucleic acid targeted compound is a psoralen compound (e.g., 4*- 
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(4-amino-2-oxa)butyl-4,5^8-trimethylpsoralen, also referred to herein as "S-59") activated 
by UVA irradiation. In some embodiments, the microbe in the vaccine comprises a genetic 
mutation that attenuates the abUity of the microbe to repair its nucleic acid that has been 
modified. In some embodiments, the microbe is a bacterium, such as Bacillus anthracis or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine further 
comprises a pharmaceuticaliy acceptable carrier and/or an adjuvant. The invention further 
provides a method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen comprising administering to the host 
an effective amoxmt of the vaccine, wherein the microbe expresses the antigen. 
[0065] The invention also provides an isolated mutant Listeria strain, such as a 

wxitBioX Listeria monocytogenes strain, comprising a genetic mutation that attenuates its- 
ability to repair its nucleic acid. In some embodiments, the mutant Lister-ia strain is 
defective with respect to at least one DNA repajr enzyme (such as UvrA and/or UvrB). In 
some embodiments, the mutant Listeria strain comprises a genetic mutation in the uvrA 
gene and/or the wrB gene. In some embodiments, the mutant strain is thte Listeria 
monocytogenes AactA/AuvrAB strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA-5563. In other embodiments, the strain 
is a mutant of the Listeria monocytogenes AactA/AuvrAB strain deposited with the 
American Type Culture Collection (ATCC) and identified by accession number PTA-5563, 
wherein the mutant of the deposited strain is defective with respect to UvrA, UvrB, and 
ActA, The invention further pro^ddes vaccines and professional antigen-presenting cells 
comprising the tautaiat Listeria strain. Methods of usmg the modified Listeria strain to 
induce immune responses and to prevent or treat disease are also provided, 
[0066] The invention provides an isolated mutant Bacillus anthracis strain, 

comprising a genetic mutation that attenuates its ability to repair its nucleic acid. In some 
embodiments, the mutant strain is defective with respect to at least one DNA repair ^izyme 
(such asUvrA and/or UvrB). In some embodiments, the mutant stram comprises a genetic 
mutation in the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is 
attenuated with respect to RecA. In some embodiments, the mutant straixi comprises a 
genetic mutation in the recA gene. In some embodiments, the mutant strain comprises one 
or more mutations in the lef gene, cya gene, or both genes, that decreases the toxicity of the 
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strain.The invention further provides vaccines and professional antigen-presenting cells 
comprising the mutant strain. Methods o jf using the modified Bacillus anthracis strain to 
induce immune responses and to prevent or treat disease are also provided. 
[0067] In addition, the invention provides a professional antigen-presentiag cell 

(e.g., a dendritic cell) comprising a free-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. In some 
embodiments, the attenuation of the proliferation of the microbe is controllable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by atteniiation of the proliferation of the microbe. In some 
embodiments, the microbe in the vaccine expresses an antigen at a sufficient level to iaduce 
an. immune response to the antigen in an ixidividual upon administration of the vaccine to 
the individual. In some embodiments, the nucleic acid has been modified by reaction with 
a nucleic acid'targeted compound which reacts directly with the nucleic acid^ In one* - 
^ embodiment,the nucleic acid target compoxmd is an alkylator such as p-alanine, N-(acridia- 
9-yiy, 2-[bis(2-chloroethyl)amino]ethyl ester. In other embodiments, the nucleic acid 
targeted compoimd is a psoralen compound activated by UVA irradiatiocu In some 
embodiments, the microbe in the vaccine comprises a genetic mutation that attenuates the 
ability ofthe microbe to repair its nucleic acid that has been modified. In some 
embodiments, the microbe is a bacterium. In some embodiments, the microbe comprises a 
heterologous nucleic acid sequence encodiiig an antigen. The invention also provides a 
vaccine comprising the antigen-presenttag cell. The invention fiirther provides a method of 
preventing or treating a disease in a host, comprismg administering to the host an effective 
amount of the antigen-presenting cell. Ttie invention also provides a method of inducing 
an inrnmne response in a host to an antigen comprising administering to the host an 
e:Sective amount ofthe antigen-presenting cell, wherein the microbe expresses the antigen. 
Th.e invention further provides a method of activating naive T cells ex vivo or in vitro, 
comprising contacting the naive T cells w^ith the professional antigen-presenting cell under 
suitable conditions and for a sufficient time to activate the naive T-cells. 
[0O68] The invention provides a method of loading professional antigen-presenting 

cells with an antigen comprising contacting the professional antigen-presenting cells with a 
fi-ee-Uving microbe that comprises a nucleic acid sequence encoding the antigen, under 
suitable conditions and for a sufficient time to load the professional antigen-presenting 
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cells, wherein flie nucleic acid of the microbe is modified so that the microbe is attenuated 
forproliferatioa 

[0069] The invention also provides a oiethod of activating and/or maturing 

professional antigen-presenting cells comprising contacting the professional antigen- 
presenting cells with, a free-living microbe that comprises a nucleic acid sequence encoding 
an antigen, under suitable conditions and for a suflBcient time to load the professional 
antigen-presenting cells, wherein the nucleic acid of the microbe is modified so that the 
microbe is attenuated for proliferation. 

[0070] The invention further provides a method of preventing or treating a disease 

in a host, comprising the following steps, (a) loading professional antigen-presenting cells 
with an antigen by contacting the cells with a firee-living microbe that comprises a nucleic 
acid sequence encoding an antigen, wherein the nucleic acid of the microbe is modified so 
that the microbe is attenuated for proliferati<Mi^'"and (b) administering an effective amount 
of a composition comprising the loaded professional antigen-presenting cells to the tiost 
[0071] The invention also provides a nrethod of loading antigen-presenting cells, 

such as dendritic cells, with an antigen, comprising contacting the cells in vitro or ex vivo 
with a modified microbe expressing the antigen, under suitable conditions and for a time 
sufficient to load the antigen-presenting cells. 

[0072] The invention provides a method of activating and/or maturing antigen- 

presenting cells comprising contacting the antigen-presenting cells in vitro or ex vivo with a 
modified microbe under suitable conditions and for a time sufficient to effect activation 
and/or maturation of* the dendritic cells and/or to allow the antigen-presenting ceUs to 
mature. 

[0073] The invention provides a method of inducing an immune response to an 

antigen, comprising administering to the host an effective amount of an immunogenic 
composition comprising an antigen presenting cell presenting the antigeia, wherein th.e 
antigen-presenting cell comprises a modified naicrobe. 

[0074] In addition, the invention provides a method of inducing an immune 

response to an antigen, comprising the following steps: (a) contacting antigen-presenting 
cells in vitro or ex vf vo witii Listeria expressing the antigen under suitable conditions and 
for a time sufficient to load the antigen-presenting cells with the antigen and to effect 
activation and/or maturation of the antigen-presentiag cells; and (b) administering aa. 
efifective amoimt of tlie antigen-presenting cells to the host In one embodiment, 
proliferation of the microbe is attenuated. 
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[0075] The invention also provides an ex vivo or in vitro professional antigen- 

presenting cell comprising a modified nucrobe, wherein proliferation o:f the microbe is 
attenuated. 

[0076] Additiondly, the invention provides a vaccine comprising an antigen- . 

presenting cell, wherein the antigen-presenting cell comprises a modified microbe and a 
pharmaceixtical composition comprising a arxtigen-presenting cell and a phaimaceutically 
acceptable carrier, wherein the antigen-presenting cell comprises Listerza. 

Microbe-Based Vaccines 
[0077] The present invention involves modified free-living micirobes and the use of 

modified firee-living microbes in a vaccine composition, wherein the nuoleic acid of the 
microbe is modified so that proliferation of the microbe is attenuated. In some 
embodMents,' the microbial gene expression is substantially unaffected "by the 
modification. 

[0078] It has been observed that killed microbial vaccines are of^en inferior to live 

attenuated microbial vaccines [Lauvau et al.. Science 294: 1735-1739 (2O01)]. In 
completely killed microbes, the de novo microbial gene expression is essentially 
eliminated. Therefore, the modification of the microbial nucleic acid to an appropriate 
level such that proliferation is attenuated while maintaining a sufficient level of microbial 
gene expression may be more eSective than a killed microbial vaccine aaid provides an 
approach to vaccine preparation that can be applied to any microbial vec^tor, whether the 
vaccine targets the prevention of infectious disease caused by the microbial vector, or the 
vector is used to deliver a heterologous antigen. It is to be understood that the use of the 
term microbes as it relates to all embodiments of the present invention is intended to mean 
firee-living microbes and is not intended to include viruses. Such a microbe-based vaccine 
may be used to deliver a specific antigen to an. individual. In one embodiment, the vaccine 
delivers more than one antigen. Such vaccines are designed to stimulate an immune 
response to one or more antigens, resulting in an individual who is immu nized against the 
antigen or antigens. The immune response that is generated can be eithei: an antibody 
mediated response, a cell mediated response, or both. The term vaccine is intended to 
encompass a preventative vaccine, i.e. one that is given to stimulate an ioomune response so 
that if the individual subsequently is exposed to the antigen in nature, fh& pre-formed 
immune response will increase the individual's ability to fight off the ageoit or cells carrying 
the antigen. The term vaccine is also intended, to encompass a therapeutic vaccine, i.e. one 
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that is given to an individual who already has a disease associated with the vaccine antigen^ 
wherein the vaccine can elicit an immune response or boost the iixdividual's existing 
immune response to the antigen to provide an increased ability to fight the agent or cells 
carrying the antigen. This includes an immune response to a diseased cell, such as a cancer: 
cell, as well as an immune response to a disease associated proteim such as a prion. In one 
embodiment, the free-living microbe is selected from the group consisting of bacteria, 
protozoa, and fungi. In one embodiment, the free-Uving microbe is a bacteria selected froio 
the group consisting of Gram positive bacteria. Gram negative bacteria, intracellular 
bacteria and mycobacteria. 

The present invention includes various levels of modification of tfcie nucleic acid of 
microbes. It is understood that the metabolism of the microbial nocleic acid occxus in 
several ways. RepUcation of the microbe involves the copying of the DNA of the entire 
microbial genfome in order to replicate the microbe and the subseqLuent partitioning of the - 
DNA molecules into separate cells, i.e. the cell divides with the resulting cells both having 
a complete copy of the DNA of the microbial genome. Microbial nucleic acid metabolism 
also involves the combination of transcription of DNA into RNA and translation of RNA to 
produce proteins. The transcription of the microbial genome involves the copying of 
portions of the DNA of the microbial genome into RNA, either messenger or transfer RNA« 
The translation of the messenger RNA involves the reading of this RNA in order to 
produce a specific protein or portion of a protein. In the present invention the nucleic acid 
of a population of microbes is modified to a desired extent based upon the nature of the 
microbe and its intended use. In some embodiments, the desired extent of modification is 
such that replication of the microbe's genome is significantly attertuated while the 
production of proteins remains suffiLcienfly active (i.e. the microbe is metaboUcally active). 
It is to be understood that whatever Hie nature of the modification^ the level of modification- 
can be represented in terms of the rtumber of modifications on av&rage per base pair of the 
microbial genome. For example, if the modification is due to covalent binding of a 
compound to the nucleic acid (adducts), the modification can be represented in terms of the 
average nimiber of base pairs between adducts. The microbes of Hie invention can be 
modified to levels of about 1 modification per lO'*-!©^ base pairs, ^Iso about 1 modification 
per lO'^-lO', also about 1 modification per 10^-10^, or about 1 modification per 10^-10^ bases 
pairs. In one embodiment, the level of modification is adjusted to the minimum amount 
required to block DNA replication in the microbial population, such that the population 
shows no observable proliferation, while maintaining sufficient aetivity of transcription and. 

27 



wo 2004/084916 



PCT/US2004/003671 



translation of individtial genes (i.e. maintains some metafcolic activity) to achieve a safe 
and effective vaccine. 

[0079J In one aspect, the invention provides a vaccine comprising a free-living 

microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proliferatiorL In some embodiments, the attenuation of the proliferation of 
the microbe is controllable in a dose-dependent maimer. In some embodiments, microbiaU 
gene expression in the microbe is substantially unaffected by attenuation of the 
proliferation of the microbe. In some embodiments, the microbe in the vaccine expresses 
an antigen at a sufficient level to induce an immune response to the antigen in an individxzial 
upon administration of the vaccine to the individual. In some embodiments, the nucleic 
acid has been modified by reaction with a nucleic acid taxgeted compound which reacts 
directly with the nucleic acid. In one embodiment, flie nucleic acid target compound is ao 
alkylator such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In 
other embodiments, the nucleic acid targeted compound is a psoralen compoimd (e.g., 4 - 
(4-amino-2-oxa)butyl-4,5*,8-trimethyIpsoralen, also referred to herein as "S-59'*) activated 
by UVA irradiation. In some embodiments, the microbe in the vaccine comprises a genetic 
mutation that attenuates the ability of the microbe to repair its nucleic acid that has been 
modified. In some embodiments, the micmbe is a bacterium, such as Bacillus anthrads or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous ' 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine further 
comprises a phannaceutically acceptable carrier and/or an adjuvant. The invention furthM* 
provides a method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen conrprising administering to the host: 
an effective amount of the vaccine, wherein the microbe expresses the antigen. 
[0080] The iavention further provides vaccines comprising a mutant Listeria 

monocytogenes strain or a mutant Bacillus anthracis strain, wherein the mvAzaxt Listeria 
monocytogenes strain, ox Bacillus anthracis strain comprises a genetic mutation that 
attenuates its ability to repair its nucleic acid. 

Antigen-presenting cell vaccines. 
[0081] The present invention involves modified firee-living microbes and the use of 

modified free-liviag microbes in the preparation of vacciiae compositions based on antigexi- 
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presenting cells, wherein the nucleic acid of the microbe is modified so that proliferation of 
ttie microbe is attenuated. In some embodiments, the microbial gene expression of the 
modified microbe is substantially unaffected. 

[O082] In one embodiment of the invention, the antigen-presentiag cells used in the 

vaccines are professional antigen presenting cells. Professional antigen-presenting cells 
iiLclude macrophages, dendritic cells and B cells. Oflier professional antigen-presenting 
cells include monocytes, marginal zone ICupffer cells, microglia, Langertians' cells, 
interdigitating dendritic cells, follicular dendritic cells, and T cells. In on-c embodiment, the 
professional antigen-presenting cells are <iendritic cells. In another embodiment, the 
professional antigen-presenting cells are rtaacrophages or dendritic cells (DCs); In one 
embodiment the antigen-presenting cells axe human cells. 

[0O83] In one embodiment, immature antigen-presenting ceUs, suoh as DCs, are 

isolated firom a' patient and iofected with a modified microbe expressing ajn antigen. The - 
resulting, loaded, antigen-presenting cells are then transferred back into ttie patient as an 
autologous APC vaccine, thereby inducing either a CD44- or a CD8+ imnxime response. 
[0O84] Accordingly, one example of a method of preparing and using an antigen- 

presenting cell vaccine of the invention is as follows: Immature DCs are isolated fi-om 
colon cancer patients and infected with S-59/UVA-inactivated, non-viable, metabolically 
active recombinant Listeria-CEA vaccines. DC Infection with Listeria results in efiBcient 
loading of CEA tumor antigen into the MITC class I and 11 pathways. Lisjteria infection 
stimulates DC to xmdergo rapid activation amd maturation, critical for DC to become potent 
APCs capable of inducing primary T cell responses in vivo. Mature DC upregulate the 
expression of CD83, co-stimulatory molecviles such as CD80, CD86, as well as MHC 
molecules. Zz.;/m^z vaccine-loaded DCs are washed and infused back into the patient as an 
autologous DC vaccine to stimulate a CEA— specific T cell response. 
[0085] Particular embodiments are exemplified in the specific Examples listed 

below. It is understood, however, that the general methods and techniques described herein 
may be more broadly applied to a wide variety of modified microbes, antigens, and 
diseases. One of ordmaiy skill in the art will be able to readily adapt the tesachings 
described herein. 

[0O86] In an alternative embodiment, immature antigen-presenting cells, such as 

DCs, are infected in vitro with a modified naicrobe expressing an antigen. The resulting, 
loaded, antigen-presenting cells are then used to prime a T-cell population ^hich is then 
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transferred into the patient, thereby inducing either a CD4+ or a CD8+ immune response to 
the antigen. 

[0087] In anodier aspect, the invention provides a professional antigen-presenting 

cell (e.g., a dendritic cell) comprising a free-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for prolifera^tion. In some 
embodiments, the attenuation of the proliferation of the microbe is controUable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by attenuation of the proliferation of the microbe. In some 
embodiments, the microbe ixi the vaccine expresses an antigen at a sufficient level to induce 
an immxme response to the antigen in an individual upon administration of the vaccine to 
the individual. In some embodiments, the nucleic acid has been modified by reaction with 
a nucleic acid targeted compound which reacts directly with the irucleic acid. In one 
embodiment,the nucleic acid target compound is an alkylator such as P-alanine, N-(acridin- 
9-yl), 2-[bis(2-chloroethyl)ainino]ethyl ester. In other embodiments, the nucleic acid 
targeted compound is a psoralen compoimd activated by UVA irradiation. In some 
embodiments, the microbe in the vaccine comprises a genetic mutation that attenuates the 
ability of the microbe to repair its nucleic acid that has been modiiied. In some 
embodiments, the microbe is a bacterium. In some embodiments, the microbe comprises a 
heterologous nucleic acid sequence encoding an antigen. The invention also provides a 
vaccine comprising the antigen-presenting cell. The invention fiirther provides a method of 
preventing or treating a disease in a host, comprising administerirLg to the host an effective 
amount of the antigen-presenting cell. The invention also provides a method of inducing 
an immime response in a host to an antigen comprising administering to the host an 
effective amount of the antigen-presenting cell, wherein the microbe expresses the antigen. 
The invention further provides a method of activating naive T cells ex vivo or in vitro, 
comprising contacting the naive T cells with the professional antigen-presenting cell under 
suitable conditions and for a sufficient time to activate the naive IT-cells. 

Attenuation of microbial replication. 
[0088] The present invention involves the modification of" microbial nucleic acid in 

order to attenuate replication of the microbe. This attenuation in replication can be used to 
increase the level of safety upon administration of the microbes to individuals. The ability 
of a microbe to proliferate can be measured by culturing a population of microbes under 
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conditions that provide normal growth. The normal growth of a population of microbes is 
considered to be the growth of microbes haviog no modificatdons to the nucleic acid of the 
microbe. The modification of the microbial genome will resxilt in some attenuation so that 
the microbe will not undergo normal growth. Some microb&s will form colonies that can 
be counted on solidified growth medium. Attenuation of the replication of the microbe can 
thus be measured as a reduction in the number of colony fonming units (CFU). A stock 
solution of the microbe colony will be serially diluted until tfcie number of colony forming 
units can be easily measured (e.g. 50-500 CFU). Typically, dilutions are 10-fold and the 
number of colonies counted for one or more of the diluted sajmples is used to estimate the 
log titer of the sample. For example, an aliquot of diluted microbe stock is plated on 
growth media and the resulting colonies are counted. The colony forming units per mL 
(CFU/mL) of the dilution is calculated^ and the colony fonning units per mL of the original 
stock (known as the titer) is calculated from the dilution: The log number is known as the 
log titer. As an example, 24 colony forming units on plating a 0.2 mL aliquot of a 1 xlO^ 
dilution gives a 1.2 x lO'' titer, or 7.08 log titer stock. The attenuation can be measured as 
the comparison of microbial titer prior to modification of the microbial nucleic acid to that 
after modification of the raicrobial nucleic acid. The log of fbe ratio of the titer of 
immodified microbe to the titer of microbe after modification, represents the log attenuation 
(or simply the difference in log titer of the two). For example, if an umnodified microbe 
titer measures 1 .2x 1 0^ and a modified microbe titer measures 4.3x1 0^ the resulting level of 
attenuation is 4.45 log. This method can be used to assess the attenxiation of any microbe, 
whether pathogenic or non-pathogenic. For some microbes, rather than measuring the 
•growth of the microbe directly, a plaque assay that measures the microbe by its ability to 
kill infected cells can be used. For example, certain intracelliolar bacteria can be grown on 
a lawn of mammalian cells that it can infect After appropriate incubation conditions, the 
lawn can be observed for plaques (clear areas in the ceU layer: that represent killed cells). 
The above calculations are similar, where the mmiber of plaqnie forming units is substituted 
for colony forming units to assess attenuation of the number of plaque forming units by 
modification of the nucleic acid of the microbe. For embodiments of die invention, the 
desired amount of atten\iation can range firom a two-fold reduLction to much greater levels 
of attenuation, including a level where essentially no proliferation is observed, depending 
on the desired level of safety and the intended application of tie microbe. A two-fold 
attenuation in replication would be observed if for a given dilution, there are half as many 
colonies (or plaques) in the population of a microbe where the nucleic acid is modified as 
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there are in an unmodified population of the microbe (about 0.3 log attenuation). In some 
embodiments, the attenuation is at least about 0.3 log, about 1 log, about 2 log, about 3 log, 
about 4 log about 5 log, about 6 log, or at least about 8 log. In some embodiments, the 
attenuation is in the range of about 0.3 to > 10 log, about 2 to >10 log^ about 4 to >10 log, 
about 6 to >10 log, about 0,3-8 log, also about 0.3-7 log, also about 0.3-6 log, also about 
0.3-5 log, also about 0.3*4 log, also about 0.3-3 log, also about 0.3-2 log, also about 0.3-1 
log. In some embodiments, the .attenuation is in the range of about 1 to >10 log, 1-S log, 1- 
6 log, also about 2-6 log, also about 2-5 log, also about 3-5 log. In one embodimeat of the 
invention, the attenuation results in esseatially complete inactivation (e.g. where no 
colonies or plaques are observed to the limit of detection), wherein the microbial gene 
expression is sufficiently active. Such a population of microbes can be achieved by 
titrating the concentration of the agent used to modify the microbial nucleic acid to £nd the 
lowest concentration at which no colonies or plaques-are observed at the limit-of detection. 
» [0089] In the case ofpathogenic microbes, it is also possible to assess the 

attenuation in temis of biological effects of the microbe. For example, the pathogemcity of 
a microbe can be assessed by measurement of the median lethality (LD50) in mice ox other 
vertebrates. The LD50 is the amount (e.g. CFU) of microbe uijected into the vertebrate that 
would result in the death of half of the population of the vertebrate. The LD50 values can 
be compared for modified and unmodified microbes as a measxire of the amount of 
attenuation. For example, if an unmodified population of microbes has an LD50 of 10^ 
microbes and the population of micmbes in which the nucleic acid has been modified has 
an LD50 of 10^ microbes, the microbe has been attenuated so that its LD50 is increased 100- 
fold, or by 2 log. In some embodiments, the LD50 is 2-fold to 1000-fold higher. In some 
embodiments, an attenuated strain is used that already has a relatively high LD50. lo such 
cases, the modified microbes increase in LD50 will be limited by how much material can be 
infiised without causing harm. For example, the LD50 of a heat killed organism woiald not 
be much higher than about 1-5 x 10^ simply because of the loading of biological material 
into the mice and/or the inflammatory reaction to the bacterial wall components. Ttie 
degree of attenuation may also be measured qualitatively by other biological effects-, such 
as the extent of tissue pathology or senun liver enzyme levels. Typically, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), albimiin, and billirubin levels 
in the serum are determined at a clinical laboratory for mice injected with microbes of the 
present invention. Comparisons of these effects in mice or other vertebrates would "be 
made for unmodified and modified microlDe as a way to assess the attenuation of the 
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microbe. In addition to measuring the effects of the microbes on the tissues, the amomit of 
viable micro'be tiiat can be recovered from infected tissues such as liver or spleen as a 
function of time could also be used as a measure of attenuation by comparing these values 
in mice injected with uiunodified vs. modijEied microbes. 

Expression of proteins bv microbes of the inventioo^ 
[0090] The modification of the nucleic acid of the microbe, in addition to 

attenuating proliferation of the microbe, is controlled so that microbial geixe expression is 
substantially unaffected. To be substantially imaffected, the microbial gene expression 
need not be completely active upon modification of the nucleic acid. It is only necessary 
that in a population of a microbe in which the nucleic acid is modified to attenuate 
replication, microbial gene expression is sxifficiently active to provide an adequate level of 
expression o f the desired protein by the microbe. An adequate level of expression depends 
to someextent on the intended use of the microbe. For example, if the microbe^contains a 
particular antigen that is to be used as a vaccine, adequate expression would be determined 
as the tnininxum level of expression that provides an efifective protective or therapeutic 
immune response to the vaccine. The microbial gene e^qpression can also be assessed by 
both in vitro and in vivo methods in order to assess whether such a vaccine might provide 
an effective immime response. In general, a population of a microbe in wtiich the nucleic 
acid has been modified can be compared to an uimiodified population of tixe microbe with 
respect to a particular antigen. 

[0091] One possibility is to measure the presentation of the antigen, of interest by an 

antigen presenting cell that has been mixed with a population of the microbe. The 
microbes may be mixed with a suitable antigen presenting cell or cell line, for example a 
dendritic cell, and the antigen presentation by the dendritic cell to a T cell that recognizes 
the antigen can be measured. If the microlDes are expressing the antigen at a sufficient 
level, it will be processed into peptide fragments by the dendritic cells and presented in the 
context of MHC class I or class II to CD8-«- or CD4+ T cells, respectively. For the purpose 
of detecting the presented antigen, a T cell clone or T cell line responsive to the particular 
antigen may be used. The T cell may also be a T cell hybridoma, where tlxe T cell is 
immortalized by fiision with a cancer cell line. Such T cell hybridomas, T cell clones, or T 
cell lines can comprise either CD8+ or CD4+ T cells. The antigen presenting cell can 
present to either CD8+ or CD4+ T cells, depending on the pathway by which the antigens 
are processed. CD8-f T cells recognize arxtigens in the context of MHC class I while CD4+ 
T cells recognize antigens in the context of MHC class H, The T cell will "be stimulated by 
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the presented antigen through specific recognition by its T cell receptor, resulting in the 
production of certain proteins, such as IL-2 or interferon-y (IFN-y), tbiat can be 
quatLtitatively measured (for example using an ELISA assay). Alternatively, a hybridoma 
can be designed to include a reporter gene, such as P-galactosidase, that is activated upon 
stimxilation of the T cell hybridoma by ttie presented antigens. The increase in the 
prodxiction of P-galactosidase can be readily measured by its activity^ on a substrate, such 
as clilorophenohred-p-D-galactopyranoside, which results in a color cliange. The color 
change can be directly measured as an indicator of specific antigen presentation (Exaiiq)les 
1, 2 and 11). Additional in vitro and in y^ivo methods for assessing the antigen expression 
of microbial vaccines of the present invention can be found in Example 5, It is also 
possible to directly measure the expression of a particular protein by microbes of the 
present invention. For example, a ladioactively labeled amino add can be added to a cell 
popillation and the amoxmt of radioacfivrty incorporated into a particiillar protein can be 
deterxoined. The proteins synthesized by the cell population can be isolated, for example 
by gel electrophoresis or capillary electrophoresis, identified as flie protein of interest, e.g. 
by binding with an antibody-specific for the protein, and the amount of radioactivity can be 
quantitatively measured to assess the expression level of the particulajr protein. 
Alternatively, the proteins can be expressed without radioactivify and detected by various 
metfaiods, such as an ELISA assay or by gel electrophoresis and Western blot with detection 
using an enzyme linked antibody or fluorescently labeled antibody. 
[0092] While it is possible that ttxe modification of tibie miaobial nucleic acid 

reduces the level of protein expression as compared to an unmodified microbe, it is to be 
understood that this may still provide an effective vaccine. It is the combination of 
atteauation of proliferation widi adequate protein e?qpression that is innportant in some 
embodiments of tiie invention. The efficacy of a vaccine is generally TOlated to the dose of 
antigen that can be delivered by the microbe, and in some instances, some level of active 
gene expression by tiie microbe is necessary. The attenuation ofreplication of the microbe 
may 'be several log while the microbial gene expression is still suffioientiy maintained. If 
be same dose of an attenuated microbe is compared to that of an unnLodified microbe, the 
resulting antigen e7q)ression (as assessed by die metiiods discussed above) in the attenuated 
microbe population is at least about 1%, about 5%, about 10%, about 25%, about 50%, 
about 75% or at least about 90% of the antigen expression in the unmodified microbe 
population. Since there may be several log attenuation in replication, the dose of the 
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modijBed microbe may be safely increased by up to several log, resulting in an equivaleut 
or greater amount of the antigen presented by the attenuated microbes relative to 
tuunodified microbes upon vaccination. 

[0093] In some embodiments, a heterologous nucleic acid sequence encoding a 

protein maybe codon-optunized to match the codon prefer^ce of the bacterial host 
expressing the protein. In. addition, the sequence encoding a signal peptide fused to the 
e^^ressed protein may also be codon-optimized to matck thie codon preference of the 
bacterial host In preferred embodiments, the bacterial host: is Listeria and either or both of 
the heterologous protein encoding sequence and the sequeix.ce e^icoding a signal peptide 
may be codon-optimized. For further information on codon optimization of antigens and 
signal sequences in Listeria, see U.S. application Serial No • 60/532,598, incoiporated by * 
reference herein. 

Microbiial nucleic acid modification. 
[0094] The nucleic acid of a population of a microb e can be modified by a variety 

of methods. The nucleic acid of the microbe can be modified by physical means, e.g. 
irradiation vidth ultraviolet light or ionizing radiation. loniziing radiation, such as x-rays or 
y-rays, may be used to cause single-strand or double-strand breaks in the nucleic acid. 
Ultraviolet radiation may be used to cause pyrimidine dimexs in the nucleic acid. The 
appropriate dose of radiation is determined by assessing th& effects of the radiation on 
replication and protein expression as detailed above. 

[0095] The nucleic acid of the microbe can also be modified by chemical means, 

e.g. by reaction with a nucleic acid targeted compound. In one embodiment, the microbe is 
treated with a nucleic acid targeted compound that can moddfy the nucleic acid such that 
the proliferation of the microbe is attenuated, wherein the uaicrobial population is still able 
to express a desired protein antigen to a degree sufficient to elicit an inmume response. 
The nucleic acid targeted compound is not limited to a partioiilar mechanism of modifying 
the nucleic acid. Such compounds modify the nucleic acid either by reacting directly witb 
the nucleic acid (i.e. all or some portion of the compound covalently binds to the nucleic 
acid), or by iadirecfly causing the modification of the nucleic acid (e.g. by causing oxygen 
damage via generation of singlet oxygen or oxygen radicals^ by generating radicals of the 
compound that cause damage, or by other mechanisms of reduction or oxidation of the 
nucleic acid). Enediynes axe an example of a class of compounds that form radical species 
that result in the cleavage of DNA double strands [Nicolaou. et al., Proc. NatL Acad. Sci, 
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USA, 90:5881-5888 (1993)], Compounds that react directly with the nucleic acid may 
react upon activation of the compound, for escample upon radiation of the oompound 
Compounds that rcact indirectly to cause modification of the nucleic acid may require 
similar activation to generate either an activated species of the compound or to generate 
some other active species. While not being lunited to die means for activation of nucleic 
acid targeted compounds, one embodiment of the mvention includes the use of 
photoaotivated compounds that either react directly widx the nucleic acid or that genemte a 
reactive species such as a reactive oxygen species (e.g. singlet oxygen) which then reacts 
with the nucleic acid. 

[0096] The nucleic acid targeted compounds preferentially modify nucleic acids 

without significantly modifying other components of a biological sample. Such 
compotands provide adequate modification of the nucleic acid without significantly altering 
or(teLma.ging cell membranes, proteins, and lipids. Such compounds may modify these 
other cell components to some degree that is rtot significant These cell components such 
as cell membranes, proteins and lipids are not significantly altered if their biological 
function is sxifficiently maintained. In the case of treating a microbe with a nucleic acid 
targeted compoimd, the nucleic acid modification is such that the replicatioa of the microbe 
is attenuated while the cell membranes, proteins and lipids of the microbe are essentially 
unaffected such that microbial gene expression, is active (e.g. the exizymes required for this 
are not significandy affected), and the surface of die microbe maintains essentially the 
same antigenicity as a microbe that has not been treated with the compound As a result, 
such compoxmds are useful in preparing an inactivated microbe for use as a vaccine since 
the proliferation of the microbe is sufficiently a^ttenuated while maintaining s"ufficient 
antigenicity or immxmogenicity to be useful as a vaccine. Because the compounds 
specifically modify nucleic acids, the modification can be controlled to a desired level so 
that replication is attenuated while maintaining a sufficient level of protein exipression. The 
modification can be controlled by varying the parameters of the reaction, such as 
conq)ound concentration, reaction media, controlling compound activation factors such as 
light dose or pH, or controlling compounds that cause oxygen damage by coatrolling the 
oxygen concentration (either physically, e.g. by degassing, or chemically, by use of oxygen 
scavengers). A nucleic acid targeted compound is any compound that has a tendency to 
preferentially bind nucleic acid, ie. has a measxxxable affinity for nucleic acid- Such 
compounds have a stronger affinity for nucleic acids than for most other components of a 
biological sample, especially components such ais proteins, enzymes, lipids and 
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membranes. The micleic acid targeting provides sp^ificity for the modification of uiicleic 
acids without significantiy affecting other coimponexits of the biological sample, such, as tiie 
machinery for gene transcription and protein transla'tion. 
[0097] Compoxmds can be targeted to nucleic acids in a number of modes. 

Compounds which bind by any of the following mocies or combinations of them are 
considered nucleic acid targeted compounds. Intercalation, minor groove binding, major 
groove binding, electrostatic binding (e.g. phosphate backbone binding), and sequence- 
speciJSc binding (via sequence recognition in the maj or or minor groove) are all non- 
covalent modes of binding to nucleic acids. Compoumds that include one or more of these 
modes of binding will have a high aflinity for nucleio acids. While the invention is not 
limited to the following compoimds, some examples of compounds having these modes of 
binding to nucleic acid are as follows: intercalators aj:*e exemplified by acridines, acridones, 
proflavin, acriflavine-,*actinomycins, anthracyclinones, beta«-rhodomycin A, daunamycin, 
thiaxanthenones, tniracil D, anthramycin, mitomycinj^ echinomycin, quinomycin, triostrin, 
diacridines, ellipticene (including dimers, trimers and analogs), noiphilin A, fluorenes ^d 
flourenones, fluorenodiamines, quinacrine, benzacridines, phenazines, phenanthradines, 
phenothiazines, chlorpromazine, phenoxazines, benzothiazoles, xanthenes and thio- 
xanthenes, anthraquiaones, anthrapyrazoles, benzothiopyranoindoles, 3,4-benzpyrene, 
benzopyrene diol epoxidie, l-pyrenyloxirane, benzantzhracene-5,6-oxide, benzodipyroaes, 
benzothiazoles, quinolones, chloroquine, qtiinine, phe^iylquinoline carboxamides, 
furocoumarios (e.g. psoralens, isopsoralens, and sulfiur analogs thereof), ethidium salts, 
propidium, coralyne, ellipticine cation and derivatives-, polycyclic hydrocarbons and their 
oxirane derivatives, and echinimycin; minor groove bi:nders are exemplified by distamycin, 
mitomycin, netropsin, other lexitropsins, Hoechst 33258 and other Hoechst dyes, DAPI 
(4*,6*-<liamidine-2-pheaylindole), berenil, and triarylmethaue dyes; major groove binders 
are exemplified by aflatoxias; electrostatic binders are exemplified by spermine, 
spennidine, and other polyaimnes; and sequence-specirfic binders are exemplified by 
nucleic acids or analogues which bind by such sequence-specific interactions as triple helix 
formation, D-loop formation, and direct base pairing to single stranded targets. Other 
sequence-specific binding compounds include poly pyrrole compounds, poly pyrrrole 
imidazole compoimds, cyclopropylpyrroloindole compoimds and related minor groove 
binding compoxmds [Wemmer, Nature Stmctural Biolo £y, 5(3):169-171 (1998), Wurtz e=t 
al.. Chemistry & Biology 7(3): 153-161 (2000), Anthon^y et al.. Am, J. Phannacogenomics 
1(1):67-81 (2001)]. 
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[0098] In addition to targeting nucleic acids, the compounds are also able to react 

with the nucleic acid, resulting in covalent binding to the nucleic acid. Nucleic acid 
alkylators are a class of compounds that can. react covalently with nucleic acid and include, 
but are not limited to, mustards (e.g. mono or bis haloethylamine groups, and mono 
haloethylsulfide groups), mustard equivalertts (e.g. epoxides, alpha-halo ketones) and 
mustard intermediates (e.g. aziridines, aziridiniums and their sulfur analogs), 
methanesulphonate esters, and nitroso ureas . The nucleic acid alkylators typically react 
with a nucleophilic group on the nucleic acid. It is the combination of the nucleic acid 
alkylating activity and the nucleic acid targeting ability of these compounds that gives them 
the ability to covalently react specifically with nucleic acids, providing the desired 
modification of the nucleic acid of microbes for use in the present invention. The 
specificity of these compounds may be furthier etihanced by the use of a quencher that will 
• not enter themicrobe. - Such a quencher will quench reactions with the surface of^e 
microbe while still allowing the nucleic acid, targeted compounds to react with the 
microbial nucleic acid. A discussion of sucia quenching can be found in US Patent number 
6,270,952, the disclosure of which is hereby incorporated by reference. The modification 
of the microbial nucleic acid can be controlled by adjusting the compound concerLtration 
and reaction conditions. The appropriate concentration and reaction conditions are 
determined by assessing their effects on replication and protein expression as deta.iled 
above. The compoimds used in the present invention are effective at concentratioiis of 
about 10 pM to 10 mM, also about 100 pM to 1 mM, also about 1 nM to 10 jiM, also about 
1-500 nM, also about 1-200 nM or about 1 - 1 00 nM. A discussion of nucleic acid targeted, 
nucleic acid reactive compounds for specific reaction with nucleic acids, in particular 
microbial nucleic acids, can be found in US patents 6,143,490 and 6,093,725, the 
disclosures of which are hereby incoiporated by reference. 

[0099] The nucleic acid can be modified by using a nucleic acid targeted compoimd 

that requires activation with radiation in order to cause the nucleic acid modification. Such 
compounds are targeted to nucleic acids as discussed above. These compounds include, 
but are not limited to, acridines, acridones, anthyrl derivatives, alloxazines (e.g. riboflavin), 
benzotriazole derivatives, planar aromatic diazo derivatives, planar aromatic cyamo 
derivatives, toluidines, flavines, phenothiazrnes (e.g. methylene blue), furocoumaxins, 
angelicins, psoralens, sulfur analogs of psoralens, quinolones, quinolines, quinoxalines, 
napthyridines, fluoroquinolones, antfaiaquiiLones, and andiracenes. Many of these 
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compounds are used as DNA photocleavage agents [Da Ros et al.. Current Pharmaceutical 
Design 7:1781 (2001)]. While the invention is not limited to the method of activation of 
the nucleic acid targeted compounds, typically, the compounds be activated with light 
of particular wavelengths. The effective wavelength of light dep ends on the nature of the 
compound and can range anywhere firom approxitnately 200 to 1 :200 nm. For some of 
diese compounds, activation causes modification of the nucleic a.cid without direct binding 
of the compound to the nucleic acid, for example by generating reactive oxygen species in 
the vicinity of the nucleic acid. For some of these compounds, activation results in binding 
of die compound directly to the nucleic acid (i.e. the compound l>inds covalently). Some of 
these compounds can react with the nucleic acid to form an interstrand crosslink. Psoralens 
are an example of a class of compounds diat crossliuk nucleic acids. These compounds are 
typically activated withUVA Ught (320-400 nm). Psoralen compounds for use in the 
pre&ent invention are exemptified in US patents 6,133,460 and 5,593,823, the disclosures of 
which are hereby incorporated by reference. Again^ it is the comlDination of nucleic acid 
targeting and the ability to modify due nucleic acid upon activation that provide specific 
reactivity with nucleic acids. The modification of the microbial i&ucleic acid can be 
controlled by adjusting the compound concentration, reaction corLditLons and light dose. 
The appropriate concentration and light dose are determined by assessing their effects on 
repUcation and protein e3cpression as detailed above. In addition t:o compound 
concentration and level of light exposure, the reaction is affected X>y the conditions under . 
which the sample is dosed with UVA. light For example, the reqioired overall 
concentration for irradiating a population of microbes in a buffer&d media is going to vaiy 
firom a population that is cultured in a growth media (e.g. BHI, Trdptase Soy Broth). The 
photoreaction may be affected by the contents of the growth media, which may interact 
with the psoralen, thereby requiring a hi^er overall concentratiota of the psoralen, hi 
addition, die effective dosing of the microbes may depend on the growth phase of the 
organism and the presence or absence of compound during the growth phase. In one 
embodiment, the population of microbes comprises growth media during the psoralen UVA 
treatment. In one embodiment, the psoralen is added to the population of microbes, the 
population is cultured to grow the microbes in the presence of psooralen and growdi media, 
and the UVA treatment is performed at some point in the growth phase of the microbes. In 
one embodiment, the population is grown to an OD of 0.5-1 (1 x 1 to Ix 10^ CFU/mL) ia 
the presence of the psoralen prior to irradiation with an appropriate dose of UVA light 
Psoralen compounds are effective at concentrations of about 10 -pUL to 10 mM, also about 
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100 pM to 1 mM, also about 1 nM to 10 pM, also about 1-500 nM, also about 1-200 tM or 
about 1-100 dM, with the UVA light dose ranging from about 0.1 - 100 J/cm\ also about 
0.1-20 J/cm^ or about 0.5-10 J/cm\ 0.5-6 J/cm^ or about 2-6 J/cm^. In one embodiment, 
the microbe is treated in the presence of grovrth media at psoralen concentrations of about: 
10 pM to 10 mM, also about 1-5000 nM, also about 1-500 nM, also about 5-500 nM, or 
about 1 0-400 oM. In one embodiment, die microbe treated in the presence of growth 
media is grown to an OD of 0.5-1 in the presence of psoralen at concentrations of about lO 
pM to 10 mM, also about 1-5000 nM, also about 1 -500 nM, also about 5-500 nM, or about 
10-400 nM. Following the growth to an OD of O.S-1, the microbe population is irradiated, 
wilh trVA light at a dose ranging from about 0.1 - 100 J/cm^ also about 0.1-20 J/cm\ or 
about O.5-10 J/cm^ 0.5-6 J/cm^ or about 2-6 J/ cm^. 

Microbes cotitaiyiinp heterologous nucleic acid sequences 
[OlOOT Microbes can be altered'to include sl heterologous nucleic acid sequence tbsit 

can be e:q)ressed by flie microbe. The heterologoixs sequence can encode at least one 
specific protein antigerL The microbes may be altered by methods known to one skilled in 
the art [Sambrook and Russell, Molecular Cloningz A Laboratory Manual, Third Edition, 
Cold Spring Harbor Laboratory Press, (2000)]. Thie microbes can be altered to contain one 
or more sequences diat encode one or more antigens. The heterologous nucleic acid 
sequence encoding a specific antigen is not limited to an exact nucleic acid sequence but is 
of a sequence that is sufEicient to provide the expression of an antigen that will elicit the 
desired immune response when administered to an. individual The heterologous sequence 
can be expressed as an antigen related to a particul^ disease. The microbe expressing suc^li 
antigens can be used as a vaccine, wherein the vacoine may be used as a preventative 
treatment or a diersqpeutic treatment Diseases fliat can be treated by such vaccines include 
infectious diseases, autoimmune diseases, allergies, cancers and other hyperproliferative 
diseases. 

[0101] The microbes of the invention may 1>e altered to contain a heterologous 

nucleic acid sequence encoding a specific tumor antigen. A large number of tumor specific 
antigens that are recognized by T cells have been identified [Reokvist et al.. Cancer 
Inunuiiol Ihnumother 50:3-15 (2001)]. These tumor antigras may be differentiation 
antigens (e.g., PSMA, Tyrosmase, gplOO), tissue-specific antigens (e.g. PAP, PSA), 
developmental antigens, tumor-associated viral antigens (e.g. HPV 16 E7), cancer-testis 
antigens (e.g. MAGE, BAOE, NY-ESO-1), embryonic antigens (e.g. CEA, alpha- 
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fetoprotein), oncoprotein antigens (e.g. Ras, p53), over-expressed protein antigeas (e.g. 
ErbB2 (Her2/Neu), MUCl), or mutated protein antigens. The tumor antigens that may be 
exicoded by the heterologous nucleic acid sequence include, but are not limited to^ 707-AP, 
Aimexin II, AFP, ART-4, BAGE, p-catenia/m, BCL-2, bcr-abl, bcr-abl pl90, bcr-abl p210, 
BRCA-l, BRCA-2, CAMEL, CAP-1, CASP-8, CDC27/ni, CDK-4/m, CEA, CT9^ CTIO, 
Cyp-B, DekK:ain, DAM-6 (MAGE-B2), DAM-10 (MAGE^Bl), ELF2M, EphA2, ETV6- 
AMLl, G250, GAGE-1, GAGE-2, GAGE'3, GAGE-4, GAGE-5, GAGE-6, GAG-E-7B, 
GAGE-8, GnT-V, , gplOO, HAGE, HER2/n.eu, HLA-A*0201-R170I, HPV-E7, HSP70-2M, 
HST-2, hTERT, hTRT, iCE, inhibitors of apoptosis (e.g. survivin), KIAA0205, LAGE, 
LAGE-1, LDLR/FUT, MAGE-1, MAGE-2, MAGE-3, MAGE-6, MAGE-Al, MA.GE-A2, 
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-AIO, MAGE-A12, MAGE-B5, MAGE-B6, 
MAGE-C2, MAGE-C3, MAGE-D, MART- 1, MART-l/Melan-A, MCIR, MDM-2, 
mesAtfielin, Myo'sin/m, MUCl, MUC2, MUM-l, MUM-2, Mlfld^S, neo-polyA- 
polymerase, NA88-A, NY-ESO-1, NY-ESO-la (CAG-3>, PAGE-4, PAP, Protema.se 3 
(P»3), P15, pl90, Pml/RARo, PRAME, PSA, PSM, PSMA, RAGE, RAS, RCAS 1, RUl, 
RU2, SAGE, SART-1, SART-2, SART-3, SP17, SPAS-l, TEL/AMLl, TPl/m,iy3:osinase, 
TARP, TRP-1 (gp75), TRP-2, TRP-2/INT2, WT-1, and alternatively translated NV-ESO- 
ORF2 and CAMEL proteins, derived ftom tibe NY-ESO-1 and LAGE-1 genes. Thie 
microbes of the present invention encompass any tumor antigm that can elicit a tumor- 
specific immune response, including antigeiLS yet to be identified. The microbes may be 
altex^d to contain more dian one heterologous sequence encoding more than one tiunor 
antigen. Preferred antigens include mesothelin [Argani et aL, Clin Cancer Res. 7(1 2):3862- 
8 (2001)], Spl7 [Lim et al., Blood. 97(5):15O8-10 (2001)], gplOO [Kawakami et al., Proc. 
Natl. Acad, Sd. USA 91 :6458 (1994)}, PAGE-4 [Brihkmann et al.. Cancer Res. 
59C7):1445-8 (1999)}, TARP [Wolfeang et al., Proc. Natl. Acad. Sci. USA 97(17):9437-42 
(2OO0)], EphA2 (Tatsumi et al.. Cancer Res. €3(15):4481-9 (2003)], PR3 [Muller-Berat et 
al,, Clin. Immunol. Immunopath. 70(l):51-9 <1994)] and SPAS-l [U.S. Patent Application 
Publication Number 200201S0588]. 

[01O2] In one embodiment of the invention, the heterologous antigen expressed by 

the modified microbe is CEA. CEA is a 180-kDA membrane intercellular adhesion 
glycoprotein that is over-expressed in a significant proportion of human tumors, inohiding 
90% of colorectal, gastric, and pancreatic, 70% of non-small cell lung caner, and 50% of 
breast cancer (Hammarstrom, Semin. Cancer Biol^ 9:67-81). A variety of 
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immunotherapeutics such as anti-idiotype monoclonal antibody mirtiicldng CEA (Foon et 
aL, Clin. Cancer Res., 87:982-90 (1995), or vaccination using a recombinant vaccinia virus 
expressing CEA (Tsang et aL, J. Natl. Cancer Inst, 87:982-90 (1995)) have been 
investigated, unfortunately, however, with limited success. Nonetheless, investigators have 
identified a HLA*0201-restricted epitope, CAP-1(CEA605-613), tlxat is recognized by 
human T cell lines that were generated from vaccinated patients. Vaccination of patients 
with DC piolsed with this epitope failed to induce clinical responses (Morse et al., Clin. 
Cancer Res., 5:1331-8 (1999)). Recently, a CEA605-613 peptide agonist was identified 
with a heteroclitic aspartate to asparagine substitution at position 61 0 (CAP1-6D). 
Although this amino acid substitution did not alter MHC binding affinity of this peptide, 
the use of the altered peptide ligand C^L) resulted in improved generation of CEA- 
specific cytotoxic T lymphocytes (CTL) in vitro. CAPl-6D-specific CTL maintained their 
abilityio recognize aud^se tumor cells expressing native GEA (Zaxemba et al., Cancers- 
Res,, 57: 4570-7 (1997); Salazar et al., Int J. Cancer, 85:829-38 (2O00)). Fong et al. 
demonstrated induction of CEA-specific immunity in patients with colon cancer vaccinated 
with Flt3-ligand e?q>anded DC incubated with this APL. Encouragixigly, 2 of 12 patients 
after vaccination experienced dramatic tumor regressions that correlated with the induction 
of peptide-MHC tetramer^ T cells (Fong et al., Proc. Natl Acad. Sc£. U.S.A, 98:8809-14 
(2001)). Taken together, this work provides significant validation for CEA-targeted 
immunotherapy for colorectal cancer. 

[0103] In another embodimeiat, the heterologous antigen expressed by the modified 

microbe is proteinase-3 or is derived from proteinase-3. For instanoe, in one embodiment, 
the antigen, comprises the HLA-A2.1 -restricted peptide PRl (aa 16^-177; VLQELNVTV 
(SEQ ID NOrSO)). Information on proteinase-3 and/or the PRl epitope is publicly 
available in the following references: US Patent No. 5,180,819, Molldrem, et al.. Blood, 
90:2529-2534 (1997); Molldrem et al.. Cancer Research, 59:2675-2681 (1999); Molldrem, 
et al.,Nature Medicine, 6:101i'l023 (2000); and Molldrem etal., Oncogene,!!: 8668- 
8673 (2002). 

[0104] Accordingly, in some embodiments, the modified microbe comprises a 

nucleic acid molecule encoding an antigen such as mesothelin, SPA.S-1, proteinase-3, 
EphA2, SP-17, gplOO, PAGE-4, TARP, Her-2/neu, WT-1, NY-ESO-1, PSMA, K-ras, or 
CEA, or an antigen derived from one of those proteins. In some enlbodunents, the 
modified microbe comprises a nucleic acid molecule encoding an antigen such as 
mesothelaja, SPAS-1, proteinase-S, SP-17, gplOO, PAGB-4, TARP, ^JVT-l, NY-ESO-1 or 

42 



I 



wo 2004/084936 PCTAJS2004/003671 

CEA, or an antigen derived from one of those proteins. In some embodiments, the 
modified microbe comprises a nucleic acid molecule eacoding human mesothelin, or an 
antigen derived from human mesothelin. In other embodinxents, the modified microbe 
comprises a nucleic acid molecxile encoding human EphA2j, or derived fir>m human EphA2. 
[0105] The microbes of the invention may be altered to contain a heterologous 

nucleic acid sequence encoding a specific infectious disease antigen. In one embodiment, 
the antigen is derived from a hmnan or animal pathogen. Ttie pathogen is optionally a 
virus, bacterium, fungus, or a pxx>tozoan. For instance, the auitigen may be a viral or fungal 
or bacterial antigen. 

[0106] For instance, the antigen may be derived from Himian Immunodeficiency 

virus (such as gp 120, gp 160, gp41, gag antigens such as p24gag and p55gag, as well as 
proteins derived from the pel, env, tat, vi^ rev, nef, vpr, vpa and LTR regions of HTV), 
Peiine Immunodeficiency vnus, or human or animal herpes ^viruses. In one embodiment, 
the antigen is derived from herpes simplex virus (HSV) types 1 and 2 (such as gD, gB, gH, 
Immediate Early protein such as ICP27), from cytomegalovirus (such as gB and gH), fiiom 
Human Metapneumovirus, from Epstein-Baxr virus or from "Varicella Zoster Virus (such as 
gpl, n or m). (See, e. g. Chee et al. (1990) Cytomegaloviruses (J. K. McDougaU, eA, 
Springer Verlag, pp. 125-169; McGeoch et al. (1988) J. Gen. Virol. 69: 1531-1574; U.S. 
Pat. No. 5,171,568; Baer et al. (1 984) Nature 310: 207-211; and Davison et aL (1986) J. 
Gen. Virol. 67: 1759-1816.) 

[O107] In another embodiment, the antigen is derived from a hepatitis virus such as 

Ixepatitis B virus (for example, Hepatitis B Surfece antigen), laepatitis A virus, hepatitis C 
virus, delta hepatitis virus, hepatitis E virus, or hepatitis G virus. See, e. g,, WO 89/04669; 
WO 90/1 1089; and WO 90/14436. The HCV genome encodes several viral proteins, 
including El and E2. See, e. g., Houghton et al., Hepatology 14: 381-388(1991). 
[O108] An antigen that is a viral antigen is optionally derived from a virus from any 

one of the families Picomaviridae (e. g., poUovmises, rhinovixuses, etc.); Caliciviridae; 
Togaviridae (e. g., mbella vims, dengue virus, etc.); Flaviviridae; Coronaviridae; 
Reoviridae (e. g., rotavirus, etc.); Bimaviridae; Rhabodoviridae (e. g., rabies virus, etc.); 
Orthomyxoviridae (e. g., influenza virus types A, B and C, eto.); Filoviridae; 
Paramyxoviridae (e. g,, mumps virus, measles virus, respiratoxy syncytial virus, 
parainfluenza virus, etc.); Bunyaviridae; Arenaviridae; Retro viradae (e. g., HTLV-I; • 
HTLV-l 1; HIV-1 (also known as HTLV-1 11, LAV, ARV, hTLR, etc.)), including but not 
limited to antigens from the isolates HIVIl lb, HIVSF2, HTVXAV, HIVLAI, HIVMN); 
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HIV-1CM235, HIV-1 ; HIV-2, among others; simian in3munodeficiency virus (SIV); 
Papillomavirus, the tick-borne encephalitis viruses; and the like. See, e. g. Virologjr, 3rd 
Edition (W. K. Joklik ed. 1988); Fundamental Virology, 2.sup.nd Edition (B. N. Fields and 
D. M. Knipe, eds. 1991), for a description of these and other viruses. 
[0109] In some alternative embodiments, the antigen is derived from bacterial 

pathogens such as Mycobacterium^ Bacillus, Yersinia^ Salmonella, Neisseria, Borr^lia (for 
example, OspA or OspB or derivatives thereof), Chlamydia, or Bordetella (for example, 
P.69, PT and FHA), or derived from parasites such as Plasmodium or Toxoplasma. In one 
embodiment, the antigen is derived ftom Mycobacterium tuberculosis (e.g. ESAT-6, 85 A, 
85B, 72F), Bacillus anthracis (e.g. PA), or Yersinia pestis (e.g. Fl, V). In addition, 
antigens suitable for use in the present invention can be obtained or derived from known 
causative agents responsible for diseases including, but not limited to, Diptheria, Pertussis, 
Tetanus, Tuberculosis^ Bacterial or Fungal Pnemnonia, Otitis Media, Gonorrhea^ Ctioleia, 
Typhoid, Meningitis, NIononucleosis, Plague, Shigellosis or Salmonellosis, Legiona.ire's 
Disease, Lyme Disease, Leprosy, Malaria, Hookworm, Onchocerciasis, Schistosomdasis, 
Trypanosomiasis, LeisTmnaniasis, Giardia, Amoebiasis, IFilariasis, Borelia, andTricbunosis. 
[0110] The microbes of the invention may be altered to contain a hetemlogoiis 

nucleic acid sequence encoding an autoimmune disease-specific antigeiL In a T cell 
mediated autoimmune disease, a T cell response to self ^tigens results in the autoimmune 
disease. The type of antigen for use in treating an autoixnmune disease with the vacoines of 
the present invention might target the specific T cells responsible for the autoimmnoie 
response. For example, the antigen may be part of a T oell receptor, the idiotype, sp ecific 
to those T cells causing an autoimmune response, wherein the antigen incorporated into a 
vaccine of tiie invention would elicit an immune response specific to tiiose T cells causing 
the autoimmune respo3ase. Eliminating those T cells would be the therapeutic mechanism 
to alleviating the autoixnmune disease. Another possibility would be to incorporate an 
antigen that will result in an immune response targeting the antibodies tiiat are genezrated to 
self antigens in an autoimmime disease or targeting the specific B cell clones that secrete 
the antibodies. For example, an idiotype antigen may be incorporated into llxe microbe that 
will result in an anti-idiotype immune response to such S cells and/or the antibodies 
reacting with self antigens in an autoimmune disease. Aaitoimmime diseases that may be 
treatable with vaccine microbes of the present inventiocL include, but are not limited to, 
rheumatoid arthritis, mcultiple sclerosis, Crohn's disease, lupus, myasthenia gravis, vitiligo, 
sclexoderma, psoriasis, pemphigus vulgaris, fibromyalgia, colitis and diabetes. A similar 
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approachi may be taken for treating allelic responses, where the antigens ijacorporated into 
the vaccixie microbe target either T cells, B cells or antibodies that are effective in 
modulating the allergic reaction. In some autoimmune diseases, such as psoriasis, the 
disease results in hyperproliferative cell growih with expression of antigeas that may be 
targeted as well. Such an antigen that will result in an immune response to the 
hyperproliferative ceUs is considered. 

[0111] Rather than targeting the malfunctioning cells of a disease, the microbes of 

the piesent invention comprise antigens that target unique disease associated protein 
structures. One example of this is the targeting of antibodies, B cells or T cells using 
idiotype antigens as discussed above. Another possibility is to target unique protein 
structures resulting fiom a particular disease. An example of this would be to incorporate 
an antigen that will generate an immune response to proteins that cause the amyloid 
•plaques-cJbserved in diseases such as-Alzheiinefs disease, CreutzfeldWakob disease (GFD) 
and Bovine Spongiform Encephalopathy (BS E> While this approach may only provide for 
a reduction in plaque formation, it may be possible to provide a curative vaccine in the case 
of diseases like CJD. This disease is caused by an infectious form of a prion protein. The 
vaccine incorporates an antigen to the infectious form of the prion protein such that the 
immune response graerated by the vaccine naay eliminate, reduce, or control the infectious 
proteins that cause CJD. 

IVBcrobes CQ tit^iump; mutations 
[0112] In one embodiment, the,inven.tdon includes a vaccine comprising a microbe 

wherein the nucleic acid of the microbe is modified so that the proliferation of the microbe 
is attenuated, wherein the microbuil population is still able to express a desired antigen to 
an extent that is sufScient to elicit an immune response, and wherein the mucrobe is further 
attenuated by at least one genetic mutation. The mutation in the microbe may affect a 
variety of features of the microbe. In some cases, the mutation affects the ability of the 
microbe to invade certain ceUs. For exanqple, certain intracellular bacteria can invade a 
variety of cell types depending on receptors present on the bacteria. The loutation may 
alter the expression of certain receptors so tliat the bacteria is taken up by some cell types 
but not others. As an example of this, Usterza is typically taken up by phagocytic cells and 
also actively invades non-phagocytic cells (e-g- hepatic cells). A mutation of Listeria may 
be used in which the mvasion of non-phagocytic cells is significantly reduced or eliminated 
while the uptake by phagocytic cells is sufBoiently active. Such a mutatioxi may provide 
for a better immune response as the vaccine would be preferentially taken iq> by phagocytic 
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cells, which are important in presenting the bacterial antigens to the immune system. It is 
xmderstood that the mutation can be to any gene that results ifl an attenuation of the ability 
of the microbe to invade certain cell types, and that this is exemplified by mutations to 
intemalin genes in Lz.s/^na (e.g. inUy inlB). Similar genes may exist (e.g. invasin genes in 
Salmonella, Bacillus anthracis, and Yersinia) in other bacteria, and mutations in these 
genes are encompassed by the present invention. The mutation might impact other features 
of the microbe, such as a virulence factor or a gene that allows for growth and spreading, 
thereby reducing the virulence of the microbe. For example, a mutation in the actA gene of 
Listeria causes a deficiency in the polymerization of host cell actdn, which inhibits the 
ability of the Listeria to spread to other cells. A mutation in the hly gene of Listeria 
(listeriolysin (LLO) protein) impacts the abiUty of the Listeria to escape the phagolysosome 
of an infected cell. A mutation in either the plcA or plcB genes of Listeria impacts the 
ability of the Listeria to spread from cell to cell. A mutation in Oyo-yop gene of Yersinia 
affects the ability of the Yersinia to prevent phagocytosis by mapiophages. In another 
embodiment the genetic mutation attenuates the expression of certain antigens, for 
example, antigens fliat would normally result in an immune response to the microbe itself. 
Such a mutation may be useful if the microbe is used as a vaccine comprising a 
heterologous antigen in order to stimulate a strong immune response to the heterologous 
antigen but with a reduced immune response to the delivery microbe compared to the non- 
mutated microbe. In one embodiment, the microbe is attenuated "by a mutation in more 
than one gene. In one embodiment, one of the mutations is in an intemalin gene oi Listeria 
or a similar gene in other bacteria. In one embodiment, the mutation is in one or more of 
an intemalia gene of Listeria or similar gene in other bacteria. In. one embodiment, one of 
the mutations is in the actA gene. In one embodiment, the microbe comprises Listeria 
monocytogenes with mutations in the actA gene and one or more intemalin genes. In a 
preferred embodiment, ihe Listeria monocytogenes comprises a inutation in the acLi gene 
and the inlB gene, preferably tbte Listeria monocytogenes comprises an actA/inlB deletion 
mutant (which is alternatively referred to herein as either AaciAAinlB or actA'inlBT). The 
sequences of a variety of listerias genes including those described herein are found in 
Oenbank accession no. NCj0O32IO. 

[0113] The microbe might contain a mutation that significantiy reduces the ability 

of the microbe to repair modifications to their nucleic acid. Such a mutation could be in 
any of a variety of genes ttat are involved in the DNA repair meclianisms of microbes 
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[Aravind et al., Nucleic Acids Research 27(5):1223-1242 (1999)]. Microbes that are 
deficient in their ability to repair damage to their nacleic acid provide an added level of 
safetyandefficacy to the use of the microbes of die present invention. Using th& 
appropriate repair deficient mutants, die ndcrobes asre exquisitely sensitive to nuoleic acid 
modification. The nucleic acid of the microbes may^ be modified to a lesser degree yet still 
ensure the desired amount of attenuation of proliferation. This provides a larger ^window of 
efiGcacy in which to operate so that the expression oof the microbial nucleic acid is sufificieilt 
to generate the desired proteins. In the case wheiec?^ novo antigen expression is required, 
this provides a vaccine that will elicit an effective icomune response. It also provides an 
added level of safely as the level of attenuation of piroliferation achieved can not "be 
compromised by rep air of the modified nucleic acid. In another embodiment, ihe genetic 
mutation alters fho siasceptibilify of the microbe to tr^eatment with a nucleic acid targeted 
compound; for example by altering the permeabiUty of the-microbe to the compotrnd or by 
altering the ability of the compound to access and bLnd the microbial nucleic acid. Such 
mutations may also impact the efficacy of the process of attenuating proliferation, while 
leaving microbial gene e}qpression substantially unaffected. 

[0114] To illustrate the advantages of using a repair deficient mutant, one can 

consider the mechanism of the attenuation of miaro1>ial proliferation. The miciot:>ial 
nucleic acid is modified either by strand breakage or pyrimidine dimers, or by chemical 
modifications such as monoadducts or crosslinks. If the mechanisms for repeir of these 
modifications are intact, a certain number of modifioations will be required in order to 
achieve sufficient attenuation of proliferation. The greater the modification of mxcleic acid,- 
the greater the reduction in protein esipression. Even though the levels of modifioation 
required to attenuate proliferation are much lower thsn the levels required to stop protein 
expression, protein expression will still be reduced to some extent, possibly to an 
unacceptable level. The use of repair deficient mutasits significantly reduces the Levels 
needed to attenuate proliferation such that a lower m.odification level will result in adequate 
attenuation of proliferation. Since &e nucleic acid n^^odification is much lower, titie 
• expression of proteins will be less affected, providing for a higher level of e)q)ression of the 
protein of interest Such repair deficient mutants ma.y be particularly usefiil in the 
preparation of vaccines, such as vaccines to the microbe itself where tiie safety of the 
vaccine can be increased by a slight modification of the nucleic acid, leaving a sufficientiy 
high level of protein expression, in particular the antigen to which the immune response is 
targeted. In one embodiment the repair defici^tmaiant lacks the ability to make PhrB(a 
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photolyase), which repairs pyrimidine dim&xs. For example, the mutation may be in the 
phrB gene, or a functionally equivalent geae, depending on the genus and species of the 
microbe. Such a mutant could be used in conjuction with ultraviolet irradiation (e.g. UVB, 
UVC) of the microbe to produce pyrimidine dimers in the microbial nucleic acid. In one 
embodiment the repair deficient mutant is vtnable to repair interstand crosslinks. Such 
mutants include, but are not limited to, mutations in uvr genes, i.e. uvrA^ uvrB^ uvrC, and 
uvrD genes as well as recA genes, or functionally equivalent genes, depending on the 
genus and species of the microbe. The mutations may be in one or more of tbiese genes. 
These mutations result in attenuation in the activity of the corresponding enzymes UvrA 
(an ATPase), UvrB (a helicase), UviC (a nuclease), UvrD (a helicase 11) and iRecA (a 
recombinase). These mutants would be used in conjimction with a crosslinkLng compoimd, 
such as a psoralen. Since the microbial nuoleic acid is crosslinked in some locations, and 
these Crosslinks can notbre repaired, the microbe is unable to replicate as the original 
strands of nucleic acid can not be sepatated. Since they can not be repaired, very few 
crosslinks are needed, the microbial nucleio acid is for the most part accessible for 
transcription, and protein expression is not altered significantly. In a preferred 
embodiment, a population of repair deficient microbial mutants that are unable to repair 
interstrand crosslinks are suitably crosslinkied such that essentially every micxobe in the 
population contains at least one crosslink, such that attenuation of replicatiort is essentially 
complete, wherein the microbial gene expression of the population is sufGciently active. In 
one embodiment, a mutation in the recA gexie is a conditional mutation. In such a 
mutation, the mutation in the recA gene results in the attenuation in the activity of recA 
only under certain conditions (i.e. non-peroodssive conditions), such as a suita^ble pH or 
temperature of the microbial population. A. microbe comprising a conditional recA 
mutation can be cultured under permissive conditions in order to grow sufficient levels of 
&e microbe and then placed under non-permissive conditions for treatment to modify the 
nucleic acid, then stored under non-pemiissive conditions such that the nucleic acid 
damage is not adequately repaired. As an example of this, a recA temperature sensitive 
mutant is grown at 30 ^C, where it grows well, and is treated to modify the nxicleic acid at 
42 ^C, which is non-peimissive for recA such that it is very sensitive to treatment, such as 
psoralen crosslinking. While the treated nxicrobe may be stored under non-pennissive 
conditions, it is possible that vpon vaccination, the conditions may permit exipression of 
recA, resulting in some repair and presentmg a safety issue. It is possible to construct the 
microbe such that the recA is under the control of the lac repressor, such that growth of the 
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strain can be induced by isopropyl-p-D-thiogalactopyianoside (IPTG) when growth is 
desirable, prior to the inactivatiou and/or immunization steps. The possibility of recA 
expression can then be eliminated for the inactivation and/or immunization steps by 
withholding further IPTG from the strain and/or eliminating IPTG firom. the strain's 
environment. 

[0115] In one embodiment, the microbe comprises at least one mutation that 

significantly reduces the abiUty of the microbe to repair modifications to their nucleic acid 
in combination with at least one mutation not related to repair mechanisms. The mutation 
that is not related to repair mechanisms may affect a variety of features of the microbe, 
such as the abihty of the microbe to invade certain cells, a mutation in a- virulence factor or 
a gene that allows for growth and spreading, or a mutation that attenuates the expression of 
certain antigens. Such mutations axe discussed above and include, but are not limited to, 
mutations itfihtemaUn genes (e.g. inlB)y actA gem, hly gene, plcA gene^ or pldB gene of ^ 
Listeria, invasion genes (e.g. Salmanella, Bacillus anthracis, and Yersinia) or the yop gene 
of Yersinia. In one embodiment, the microbe comprises Listeria monocytogenes having a 
mutation in die actA gene. In one embodiment, the Listeria monocytogenes comprises a 
mutation in the actA gene and in an intemahn gene. In one embodiment, the Listeria 
monocytogenes comprises an actA mutation and a uvrAB mutation, preferably actA/uvrAB 
deletion mutations (which may be referred to as either AactAAuvrAB or actA'tiyrAET). In 
one embodiment, the Listeria monocytogenes comprises an actA mutation, an inlB 
mutation, and a uvrAB mutation, preferably actA/inlB/uvrAB deletion mutations. In some 
other embodiments, the microbe comprises Bacillus anthracis having a zivrAB mutation, 
such as a deletion. 

[0116] In another embodiiaent, the invention provides an isolated mutant Listeria 

strain, such as a mutant Listeria monocytogenes strain, comprising a genetic mutation that 
attenuates its ability to repair its nucleic acid. In some embodiments, the mutant Listeria 
strain is defective with respect to at least one DNA repair en2yme (such asUvrA and/or 
UvrB). In some embodiments, the mutant Listeria strain comprises a genetic mutation in 
the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is the Listeria 
monocytogenes AactAAuvrAB strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA-5563. In other embodiments, strain is a 
mutant of the Listeria monocytogenes AactAAuvrAB stram deposited with the American 
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Type Culture Collection (ATCC) and identified "by accession number PTA-5563, wherein 
the mutant of the deposited strain is defective with respect to UvrA, UvrB, and ActA. 
[0 117] In some embodiments, the invention provides a free-living microbe which is 

defective with respect to at least one DNA repair enzyme (relative to wild type). In some 
embodiments, the microbe that is defective with respect to at least one DNA repair enzyme 
is attenuated for DNA repair relative to wild type. In some embodiments, the capacity of 
the microbe for DNA repair is reduced by at least about 10%, at least about 25%, at least 
about 50%, at least about 75%, or at least about 90% relative to wild type. Methods for 
assessing the ability of a microbe to effect DNA repair are well known to those of ordinary 
skill in the art In some embodiments, the microTje is defective with respect to one or more 
of tiie following enzymes: PhrB, UvrA, UvrB, UvrC, UvrD, and RecA. In some 
embodiments, the microbe is defective with respect to UvrA, UvrB, or both enzymes. In 
some embodiments, the microbe is defective with respect to RecA, or a functional 
equivalentof Rec A. In some embodiments, the microbe comprise a genetic mutation in 
one or more gene selected from the group consisting of phrB, uvrA, uvrB, uvrC, uvrD and 
r^cA^ or in a functional equivalent of one or more gene selected from the group consisting 
of phrB, wrA, uvrB, uvrQ uvrD and recA. In soiiie embodiments, flhe microbe comprises 
genetic mutations in both uvrA and uvrB, or in fiinctional equivalents of both uvrA and 
uv^rB. In some embodiments, the microbe comprises a genetic mutation in recA. In some 
embodiments, the microbe is a bacterium. For iixstance, in some embodiments, the microbe 
is Mycobacterium tuberculosis^ Listeria monocytogenes^ or Bacillus anthracis. 
[0 118] The invention also provides an isolated mutant Listeria monocytogenes 

strain, comprising a genetic mutation that attenuates its ability to repair its nucleic acid. In 
some embodiments, the mutant strain is defective with respect to at least one DNA repair 
enzyme (such asUvrA and/or UvrB). In some embodiments, the mutant strain comprises a 
genetic mutation in the uvrA gene and/or the uurS gene. In some embodiments, the uvrA 
gene, the uvrB gene, or both graes are deleted. Ln some embodiments, the mutant strain is 
attenuated with respect to RecA. In some embodiments, the mutant strain comprises a 
genetic mutation in the recA gene. In some embodiments, the mutant microbe is the 
Listeria monocytogenes actA^luvrAff strain deposited with the American Type Culture 
Collection (ATCC) and identified by accession rtumber PTA-SS63, or a mutant of the 
deposited strain which is defective with respect to UvrA, UvrB, and ActA. 
[0 119] The invention also provides an isolated mutant Bacillus anthracis strain, 

coxuprising a genetic mutation that attenuates its ability to repair its nucleic acid. In some 
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embodiments, the mutant strain is defective with respect to at least one DNA repair enzyme 
(such asUvrA and/or UvrB). In some embodircxents, the mutant strain comprises a genetic 
mutation in the m^rA gene and/or the uvrB gene. In some embodiments, the uvrA gene 
(SEQ ID N0:1 8), the uvrB gene (SEQ ID NO: 1 9), or both genes are deleted. In some 
embodiments, the mutant strain is attenuated with respect to RecA. In some embodiments, 
the mutant strain comprises a genetic mutation in the recA gene. In some embodiments, the 
mutant strain comprises a mutation in the recA gene that makes expression of the r^cA 
protein temperature sensitive. In some alternative embodiments, a mutant strain of B. 
anthracis is constructed which is under control of the lac repressor (inducible by IPTG), 
permitting expression of recA during growth, b\it not during inactivation (such as vsrith S- 
59/UVA) and/or post-inamunization. In some embodiments, the mutant strain comprises 
one or more mutations in the lef gene, cya gene, or both genes, that decreases the toxicity of 
the strain. 

[0120] As 'wifh any microbe of the invention, the modification of the DNA of the 

repair deficient (e.g. uvr deficient) bacteria witbi psoralen can be controlled by adjusting the 
conq)ound concentration, reaction conditions and Ught dose. The appropriate 
concentration, reaction conditions and light dose are determined by assessing their effects 
on replication and protein expression as detailed above. The use of repair deficient mutants 
provides an additional level of control of proliferation while maintaining adequate protein 
e:!^ression such Hiat the parameters of conceatration, reaction conditions and light dose can 
be adjusted over a wider range of conditions to provide a suitable population of microbes. 
For exan^ile, there will be a broader range of nucleic acid modification density over which 
proliferation can be completely inhibited without significantly affecting protein expression. 
The tninitniiTn level of modification required to completely inhibit repair deficient strains is 
much less dm for nonrepair deficient straios (see Examples 3, 7, 1 1, and 21). As a result, 
the modification level can be higher than the muumum level required to stop prolifemtion 
(ensuring complete inactivation) yet still be below a level that is detrimental to protein 
e}q)ression. Thus, vrhile the invention is effective for non-iepair deficient strains, irvr 
deficient strains provide greater flexibility in preparing a desirable population of microbes 
that would be effective as a vaccine. Psoralen compounds are effective at coiicentrations of 
about 10 pM to 10 mM» also about 100 pM to 1 mM, also about 1 nM to 10 (4M, also about 
1-500 nM, also about 1-200 nM or about 1-100 nM, with the UVA light dose ranging firom 
about 0.1 - 100 J/cxa^ also about 0.1-20 J/cm?, also about 0.5-10 J/cm^ or aboutO.5-6 
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or about 2-6 J/cm^ In one embodiment, the microbe is treated in the presence of 
growth, media at psoralen concentrations of about 10 pM to 10 mM, also about 1-5000 nM, 
also about 1-500 nM, also about 5-500 nM, or about 10-400 nM. In one embodiment, the 
microbe treated in the presence of growth media is grown to an OD of 0.5-1 in the presence 
of psoralen at concentrations of about 10 pM to 10 mM, also about 1-500O nM, also about 

1- 500 nM, also about 5-500 nM, or about I O-400 nM. Following the growth to an OD of 
0,5-1, the microbe population is irradiated with UVA light at a dose rangLng from about 0.1 
- 100 J/cm^ also about 0.1-20 J/cm^, or about 0.5-10 J/cm^, 0.5-6 J/cm^ ot about 2-6 J/ cm^. 
[0121] In order to generate primarily psoralen crosslinks in any naicrobe, 
particularly uvr deficient mutant bacteria, it is possible to dose flie psoralen and UVA light 
initially to form adducts and follow this witii a second dose of UVA light alone to convert 
some or most of the monoadducts to crosslinks. The psoralen photochemistry is such that 
absorption Of a photon of appropriate energy will jBrst fonn^a monoadduct. Absorption of 
an additional photon will convert this monoadduct to a crosslink when a furan side 
monoadduct is appropriately situated in the DNA double helix [Tessman et al.. 
Biochemistry 24:1669-1676 (1985)]. The sample can be dosed wifli a lower UVA dose at a 
desired concentration of psoralen and the unreacted psoralen can be removed, e.g. by 
washirLg, dialysis or ultrafiltration of the bacteria. The bacteria containing psoralen adducts 
(monoadducts and crosslinks) can be further dosed with UVA light to convert some or most 
of tibie monoadducts to crosslinks without resulting in significant additional adducts to the 
bacteria. This allows for the controlled addition of a low number of psoralen adducts with 
the initial Ught dose, then converting a substantial number of any monoadducts to crosslink 
with the second dose. This provides for modification of the microbial geaome at 
sufficiently low levels wherein a majority of the adducts formed will be cxosslinks. This is 
particularly effective for blocking replication with uvr deficient mutants. In such 
embodiments, psoralen compounds are eflfective at concentrations of aboot 10 pM to 10 
mM, also about 100 pM to 1 mM, also about 1-500 nM, also about 1-200 nM or about 1- 
100 riM, with the UVA light dose ranging firom about 0.1-10 J/cm^ also about 0.1-2 
J/cml or about 0.5-2 J/crr?, Following renctoval of most of the unreacted psoralen by 
washing, dialysis or ultrafiltration of the bacteria, the bacteria may be dosed with UVA 
light ranging Gx>m 0.1 - 100 J/cm^ also about 0.1-20 J/cm^ or about 0.5-10 J/cm^ or about 

2- 6J/cml 
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[0122] Vaccine compositions of the invention comprise a microbe in which the 

microbial nucleic acid is ixiodified and/or comprise an antigen-presenting cell which has 
been antigen-loaded and/or activated/matured by infection "with a microbe in which the 
nodoiobial nucleic acid is modified so that the proliferation of the microbe is attenuated, 
wherein the microbial gene expression is substantially unafifected^ as discussed above. The 
vaccine compositions of the present invention can be used t:o stimulate an immune response 
in an individual. The fonnxilations can be administered to an individual by a variety of 
administration routes. Methods of administration of such a vaccine composition are known, 
in the art, and include oral, nasal, intraveneous, intradermaL, intraperitoneal, intramuscular, 
intralymphatic and subcutaneous routes of administration. The vaccine compositions may 
further comprise additional components known in the art to improve the immune response 
to a vaccine, such as adjuvants or T cell co-stimulatoiy molecules. The invention also 
includes medicaments'comprising the pharmaceutical compositions of the invention. An - — 
individual to be treated with such vaccines, is any vertebrate, preferably a mammal, 
including domestic animals, sport animals, and primates, inoluding humans. The vaccine 
may be administered as a prophylactic, where the individual is vaccinated in order to 
immunize the individual against a particular disease. While? the vaccine can be given to any" 
individual, in some instances, such as with cancer vaccines, the individual treated might be * 
limited to those individuals at higher risk of developing a cajicer. The vaccine may also be 
administered as a therapeutic, where the individual having a. particular disease is vaccinated 
inordertoimprovetfaeinmiuneresponse to thediseaseora disease related proteuL In this 
embodiment, the vaccine may result in a lessening of the ph:ysical symptoms associated 
with the disease. For example, with cancer vaccines, the vaocination may result in stopping 
the growdi of a tumor, preferably a lessening of die mean tumor volume, more preferably 
elimination of any tumors. In one embodiment, the mean tiunor volume decreases by at 
least about S%, also about 10%, also about 25%, also about ^0%, also about 75%, also 
about 90% or about 100%. Similarly, the vaccination may result in stopping the metastases 
of a tumor, preferably resulting in a reduction in the number of tumor metastases. An 
additional effect of a cancer vaccine would be an extension of the median survival of the 
individual, hi humans, tiie median survival may be extended by at least about 3 months, 
also at least about 6 months, or at least about 12 months. 

[0123] Vaccine formulations are known in the art aa<l include numerous additives, 

such as preservatives, stabilizers, adjuvants, antibiotics, and other substances. 
Preservatives, such as tbimerosal or 2-phenoxy efhanol, are added to slow or stop the 
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growth of bacteria or fiingi resulting from inadvertent contamination, especially as might 
occur with vaccine vials intended for multiple uses or doses. Stabilizers, such as lactose or 
monosodimn glutamate (MSG), are added to stabilize the vaccine formulation against a 
variety of conditions, such as temperature variatiorts or a freeze-drying process. Adjuvants, 
such as aluminum hydroxide or aluminum phosphate, are added to increase the ability of 
the vaccine to trigger, enhance, or prolong an immxane response. Additional materials, such 
as cytokines, chemoldnes, and bacterial nucleic acid sequences, like CpG, are also potential 
vaccine adjuvants. Antibiotics, such as neomycin and streptomycin, are added to prevent 
the potentially harmful growth of germs. Vaccines may also include a suspending fluid 
such as sterile water or saline. Vaccines may also contain small amounts of residual 
materials from the manufacturing process, such as cell or bacterial proteins, egg proteins 
(from vaccines that are produced in eggs), DNA or JRNA, or formaldehyde from a 
toxoiding process: 

[0124] The efScacy of the vaccines can be evaluated in an individual, for exanxple 

in mice. A nxouse model is recognized as a model for efficacy in humans and is useful in 
assessing and defining the vaccines of tiie present invention. The mouse model is used to 
demonstrate the potential for the effectiveness of th.e vaccines in any individual. Vaccines 
can be evaluated for their abihty to provide either a prophylactic or therapeutic eflFect 
against a particular disease. For example, in the case of infectious diseases, a population of 
mice can be vaccinated with a desired amount of the appropriate vaccine of the invention, 
where the microbe expresses an infectious disease a.ssociated antigen. This antigen can be 
from the delivery microbe itself or can be a heterologous antigen. The mice can be 
subsequently infected with the infectious agent related to the vaccine antigen and assessed 
for protection against infection. The progression of the infectious disease can be observed 
relative to a control population (either non vaccinated or vaccinated with vehicle only or a 
microbe that does not contain the appropriate antigen). 

[0125] In the case of cancer vaccines, tumor cell models are available, where a 

tumor cell line expressing a desired tumor antigen oan be injected into a population of mice 
either before (therapeutic model) or after (prophylactic model) vaccination with a microbe 
of the invention containing the desired tumor antigen. Vaccination with a microbe 
containing the tumor antigen can be compared to control populations that are either not 
vaccinated, vaccinated with vehicle, or with a microbe tiiat expresses an irrelevant antigeiL 
In addition, the relative efficacy of die vaccines of the invention can be compared to a 
population of microbe in which the microbial nucleic acid has not been modified. The 

54 



wo 2004/084936 PCT/US2004/003671 

effectiveness of the vaccine in such models can be evaluated in terms of tumor volume as a 
function of time after tumor injection or in terms of survival populatioos as a function of 
time after tumor injection (e.g. Example 4). In one embodiment, the tuanor volume in mice 
vaccinated with nucleic acid modified microbe is about 5%, about 10%, about 25%, about 
50%, about 75%, about 90% or about 100% less than the tumor volume in mice that are 
either not vaccinated or are vaccinated with vehicle or a microbe that expresses an 
irrevelant antigen. In another embodiment, this differential in tumor volume is observed at 
least about 10, about 17, or about 24 days following the implant of the tnmiors into the 
mice. In one embodiment, the median, survival time in the mice vaccinated with nucleic 
acid modified microbe is at least about 2, about 5, about 7 or at least about 10 days longer 
than in mice that are either not vaccinated or are vaccinated with vehicle or a microbe that 
expresses an irrelevant antigen. In addition to an effective immune response to the 
vaccines of tiie-present invention, the modified microbes provide an added level of safety 
sucli that a higher dose of the microbe may be administered relative to ttae corresponding 
unmodified microbe. In one embodiment of the invention, the vaccination with the nucleic 
acid, modified microbe is done at a dose of microbes that is the same as the dose of the 
corresponding unmodified microbe. In another embodiment, the vaccination of nucleic 
acid modified microbe is safely dosed at a level that is at least about 2, alout 5, about 10, 
abo\it 10^, about 10^, or at least about lO"^ fold higher than the vaccinatiom dose of the 
corresponding immodified microbe, wherein the resulting tumor volume and median 
survival times discussed above are observed for the nucleic acid modified miciobe. 

Methods of use 

[012^ A variety of methods of losing the modified microbes, antigen-presenting 

cells, vaccines, and pharmaceutical compositions described herein are provided by the 
present invention. For instance, methods of using the modified microbeS;, antigen- 
presenting cells, vaccines, and pharmaceutical compositions described he^xein to induce 
unmxme responses and/or to treat or prevent disease are provided. Metfao d of using the 
modified microbes and/or mutant strain to prepare vaccines and other compositions are also 
provided. 

[OllV] For instance, in one aspect, the invention provides a method of inducing an 

immune respoxise in a host to an antigen^ comprising administering to the liost an e£fective 
amount of a composition comprising a firee-living microbe that expresses the antigen, 
wherein the nucleic acid of the microbe is modified so that the microbe is attenuated for 
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proliferation. In some embodiments, the composition comprising the microbe is a vaccine. 
In some embodiments, the composition comprising the microbe is a professional antigen- 
presenting cell. The antigen may be heterologous or autologous to the microbe as 
described above. In some embodiments, the nucleic acid of the microbe has been modified 
by reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid. 
[0128] The invention also provides a method of inducing an immime response in a 

host to an antigen, comprising administering to the host an effective amount of a 
composition comprising a mutant strain of Listeria monocytogenes that expresses the 
antigen, wherein the mutant strain comprises a genetic mutation that attenuates its ability to 
repair its nucleic acid. The antigen may be a Listerial or norx-Listerial antigen. In some 
embodiments, the nucleic acid of the Listeria has been modified so that the microbe is 
attenuated for proliferation (e.g., by S-59AJVA treatment). 

[0G9] ^ The invention also provides a method of induLcing an immune response in a ' 
host to an antigen, comprising administering to the host an e jffective amount of a 
composition comprising a mutant strain of Bacillus anthraci^ that egresses the antigen, 
wherein the mutant strain comprises a genetic mutation that attenuates its ability to repair 
its nucleic acid. la some embodiments, the nucleic acid of ttie Bacillus has been modified 
so that the microbe is attenuated for proliferation (e.g., by S-59/UVA treatment). 
[0130] The invention also provides a method of preventing or treating a disease in a 

host, comprising admixdstering to the host an effective amount of a composition comprising 
a free-living microbe, wherein the nucleic acid of the microl>e is modified so that the 
microbe is attenuated for proliferation. In some embodimeats, the conq)osition comprising 
tihe microbe is a vaccine. In some embodiments, the composition comprising the microbe 
is a professional antigen-presenting cell. 

[0131] The invention also provides a method of preventing or treating a disease in a 

host, comprising administering to the host an effective amotmt of a composition comprising 
a mutant strain of Listeria monocytogenes^ wherein the mutant strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid. In some embodiments, the 
nucleic acid of i3iq Listeria has been modified so that the mioxobe is attenuated for 
proliferation (e.g., by S-59/UVA treatment). In some embocLiments, the disease is an 
infectious disease. In other embodiments, the disease is canoer. 

[0132] The invention also provides a method of preventing or treating disease in a 

host, comprising administering to the host an effective amount of a composition comprising 
a mutant strain of Bacillus anthracis, wherein the mutant straun comprises a genetic 
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mutation that attenuates its ability to repair its nucleic acid. In some embodiments, the 
nucleic acid of the Bacillus has been modified so that the microbe is attenuated for 
proliferation (e.g., by S-59AJVA treatment). 

(01331 The invention also provides a free-living microbe for medical use, wherein 

the nucleic acid of the microbe is modified so that tihe microbe is attenuated for 
proliferation and/or the microbe is defective with respect to a DNA repair enzyme. It is- 
understood that medical use encompasses both therapeutic and preventative medical 
applications (e.g., for use as a vaccine). In some embodiments, the microbe has been 
modified by reaction with a nucleic acid targeted coinpound that reacts directly with tihet 
nucleic acid so that the microbe is attenuated for proliferation. In some embodiments. Hie 
microbe is Listeria monocytogenes or Bacilltis anthF^acis, 

[0134] In other aspects, the invention provid.es a professional antigen-presenting 

cell formedical'use, wherein the antigen-presenting^cell comprises a fi-ee-living microbe, 
wherein th.e nucleic acid of the microbe is modified so that the microbe is attenuated for 
proliferation and/or the microbe is defective with respect to a DNA repair enzyme.In soxne 
embodimexLts, the microbe has been modified by reaction with a nucleic acid targeted 
compound that reacts directly with the nucleic acid so that the microbe is attenxiated for 
proliferation. In some embodiments, the microbe is Xisteria monocytogenes or Bacillus 
anthracis. 

[0135] The invention also provides a mutant Listeria monocytogenes strain for 

medical use, wherein the mutant Listeria monocytog-^nes strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid. 

[0136] In addition, the invention provides a mutant Bacillus Ofithracis strain for 

medical use, wherein the mutant Bacillus anthracis strain comprises a genetic mutation t±iat 
attenuates its ability to repair its nucleic acid. 

[0137] The invention fiirther provides the use of a fi-ee-living microbe, wherein tDhe 

nucleic acid has been modified so that the microbe is attenuated for proliferation, for th& 
manu&cture of a medicament for a disease unrelated, and/or not caused by the free-living 
microbe. In some embodim^ts, the disease is cancer. In some embodiments, the disease 
is an infectious disease unrelated to the firee-liviug nxicrobe. 
[0138] The invention finlher provides the use of a fi^ee-living microbe for the 

manu&cture of a medicament for a disease unrelated, and/or not caused the microbe, 
wherein the microbe is defective with respect to at least one DNA repair enzyme. In some 
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embodiments, the disease is cancer. In some embodiments, the disease is an infectious 
disease unrelated to the microbe. 

[0139] Additionally, die invention provides the use of a professional antigen- 

presenting cell, wherein the antigen-presenting cell comprises a free-li-ving microbe, 
wherein the nucleic acid of the microbe is modified so that the microbe is attenuated for 
proliferation and/or wherein the microbe is defective with respect to at least one DNA 
repair enzyme, for the manufacture of a medicament for a disease unrelated and/or not 
caused by the free-living microbe. In some embodiments, the disease is cancer. In some 
embodiments, the disease is an infectious disease unrelated to the free-living microbe. 
[O140] The invention further provides the use of a mutant strain of Listeria 

monocytogenes^ wherein the mutant Listeria monocytogenes strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid, for the manufacture of a 
medicam^t for a disease* uiu-elated and/or not caused by Listeria monc^cytogenes. In some 
embodiments, the disease is cancer. In some embodiments, the disease is an infectious 
disease imrelated to the Listeria monocytogenes. 

[0141] In another aspect, the invention provides a method of activating naive T 

cells, comprising contacting the naive T cells with a professional antigen-presenting cell 
luader suitable conditions and for a sxifBcient time to activate the nmve T cells, wherein the 
antigen-presenting cell comprises a fiee-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. The contacting step 
of this method may be performed either in vitro or in vivo. Suitable conditions and a 
siifBcient time for activating the naive T-cells would be known to one of ordinary skill of 
tbie art. In addition, examples of sucli conditions are provided in the specific Examples, 
below. 

[0 142] A method of loading professional antigen-presenting ceLls with an antigen is 

also provided. The method comprises contacting the professional antigen-presenting cells 
with a free-living microbe that comprises a nucleic acid sequence encoding the antigen, 
under suitable conditions and for a siafficient time to load the professional antigen- 
presenting cells (e.g., dendritic cells), wherein the nucleic acid of the microbe is modified 
so that the microbe is attenuated for proliferation and/or the microbe is defective with 
respect to at least one DNA repair enzyme. The contacting step of the method may be 
performed in vitro^ ex vivo, or in viva. The antigen may be heterologous or autologous to 
the microbe. Suitable conditions and a sufficient time for loading antigen-presenting cells 
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woxdd generally be known to one of ordinary skill of the art to addition, examples of such 
conditions are provided in the specific Examples, below. 

[0143] In another aspect, the invention provides a methtod of activating and/or 

maturing professional antigen-presenting cells comprising contacting the professional 
antigen-presenting cells ( in x^ztrOj ex vzvo, and/or in vivo) with a free-living microbe that 
comprises a nucleic acid sequence encoding an antigen, imder suitable conditions and for a 
sufificient time to activate and/or bring to maturation the professional antigen-presenting 
cells, wherein the nucleic acid of the microbe is modified so that the microbe is attenuated 
for proliferation. The contacting step of the method may be performed either in vitro or in 
viv<?. The antigen may be heterologous or autologous to the microbe. Suitable conditions 
and a sufficient time for activating antigen-presenting cells and/or bringing antigen- 
presenting cells to maturation would generally be known to one of ordinary skill of the art 
In addition, examples of such conditions are provided in-the specific Examples, below.^- 
[0144] In another aspect, the invention provides a method of preventing or treating 

a disease in a host, comprising the following steps, (a) loading professional antigen- 
presenting cells with an antigen by contacting the cells with a firee-living microbe that 
comprises a nucleic acid sequence encoding an antigen, wherero the nucleic acid of the 
microbe is modified so that tbe microbe is attenuated for proliferation; and (b) 
adxninistering an effective amoimt of a composition comprising the loaded professional 
antigen-presenting ceUs to the host 

[0145] la still another aspect, the invention provides a nciethod of inducing an 

unmune response to an antigezi in a host, comprising the following steps, (a) loadiag 
professional antigen-preseatiag cells with the antigen by contacting the cells with a fi-ee- 
livirig microbe that comprises a nucleic acid sequence encoding the antigen, wherein the 
nucleic acid of the microbe is xnodified so that the microbe is attenuated for proliferation; 
and (b) administering an effective amount of a composition conoprising the loaded 
professional antLgen-presentLng cells to the host. 

Eits 

[0146] The invration further provides kits (or articles of manu&cture) comprising 

the xnodified microbes and mutant strains of the present inveation. 
[0147] In one aspect, the invention provides a kit comprising both (a) a composition 

comprising a mvAmt Listeria monocytogenes strain comprising a genetic mutation that 
attemiates its ability to repair its nucleic acid, a mutant Bacillus ^nthracis strain comprising 
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a genetic mutation that attenuates its ability to repair its aucleic acid, or a free-living 
microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proUferation; and (b) instmctions for the use of the composition in the 
prevention or treatment of a disease in a host. In some embodiments, the instmctions are 
on a label. In other embodiments, the iastmctions are on aa insert contained within the Idt. 
[0148] In another aspect, the invention provides a kdt comprisiag both (a) a 

composition comprising a mutant Listeria monocytogenes strain comprising a genetic 
mutation that attenuates its ability to repair its nucleic acid, a mutant Bacillus anthracis 
stmin comprising a genetic mutation that attenuates its ability to repair its nucleic acid, or a 
free-living microbe, wherein, the nucleic acid of the microbe is modified so that the micirobe 
is attenuated for proliferation.; and (b) instructions for the administration of the composi-tion 
to a host. In some embodiments, the instructions are on a label. In other embodiments, the 
instructions arexm an insert contained withiaih.e kitr 

[0149] In another aspect, the iavention provides a kdt comprising both (a) a 

composition comprising a mixtant Listeria monocytogenes strain comprisiag a genetic 
mutation that attenuates its ability to repair its nucleic acid, a mutant Bacillus anthracis 
strain comprising a genetic mutation that attenuates its ability to repair its nucleic acid, or a 
free-living microbe, wherein the nucleic acid of the microbe is modified so that the micirobe 
is attenxiated for proliferation; and (b) iastmctions for selecting a host to which the 
composition is to be administered. In some embodiments, tlie instructions are on a label. 
In other embodiments, the instmctions are on an insert cont:ained within the kit. 
[0150] In some embodiments of each of the aforementioned aspects, the 

con:q)osition is a vaccine. In someembodimentsof each of the aforementioned aspects, the 
composition is a professional-antigen-presenting cell. In some embodiaients of each of the 
aforementioned aspects, the nucleic acid of the free-living microbe has been modified by 
reaction with a nucleic acid targeted compound that reacts cdirecdy with the nucleic acii. In 
some embodiments, the microbe has been S-59AJVA treate<l In some embodiments, the 
microbe is defective with respect to a DNA repair enzyme. 

Additional embodiments of the invention 
[0151] In one embodiment, the invention includes a vaccine composition 

comprising a free-living microbe in which the microbial niLcleic acid is modified so that: the 
proliferation of the miciobe is atteriuated and/or com{)risins an antigen-presenting cell tJiat 
has been antigen-loaded and/or activated or matured through infection with a free-living 
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microbe in which the microbial nucleic acid is loodified so that the proliferation of the 
microbe is attenuated, wherein the miciobial gene expression is substantially unaffected. In 
one embodiment the microbial gene expression is substantially unaffected so that an 
antigen is expressed at a level sufGcient to stimulate an immune response upon 
administration of the microbe to an individual In one embodiment, the proliferation of the 
microbe is attenuated by at least about 03 log, also at least about 1 log, about 2 log, about 3 
log, about 4 log, about 6 log, or at least about 8 log. In another embodiment, ttie 
proliferation of the microbe is attenuated by about 0.3 to > 10 log, about 2 to > 10 log, about 
4 to >10 log, about 6 to >10 log, about 03-8 log, about 03-6 log, about 03-5 log, about 1-5 
log, or about 2-5 log. In one embodiment, the ex:pression of an antigen by the 3microbe is at 
least about 10%, about 25%, about 50%, about 75%, or at least about 90% of tbe 
expression of tbe antigen by a microbe in which tie microbial nucleic acid is not modified. 
In one embodxnaent, the antigen expressed is an aoitigen from the microbe itselfi^In one 
embodiment, tbe microbe comprises a heterologous nucleic acid sequence encoding an 
antigen. In one embodiment, the antigen is a disease associated antigen. In one 
embodiment, tbe antigen is associated with a disease selected from the group consisting of 
infectious diseases, autoimmune diseases, allergies, cancers, and other hypeiproliferative 
diseases. In one embodiment, the antigen is a tmnor associated antigen. In one 
embodiment, tbe tumor antigen is selected firam the group consisting of differentiation 
antigens, tissue-specific antigens, developmental antigens, tumor-associated viral antigens, 
cancer-testis antigens, embryonic antigens, oncopxotein antigens, over-expressed protein 
antigens and mutated protein antigens. In one em'bodiment, the tumor antigen is selected 
from Oxe group consisting of mesothelin, Spl7, gplOO, , PR3, PAG&4, TARP, NY- 
ESO-1 and SPAS-1. In one embodiment, the micx'obial nucleic acid is modified by a 
method selected. fix)m the group consisting of exposing the microbe to radiation and 
reacting the microbe with a nucleic acid targeted compound that causes the modification of 
the microbial nucleic acid. In a preferred embodiment, the microbial nucleic acid is 
modified by reacting the microbe with a nucleic acid targeted compound that reacts directly 
with the nucleic acid. In one embodiment, the nucleic acid targeted compound is targeted 
to the nucleic acid by a mode selected from the group consisting of intercalation^ minor 
groove binding, major groove binding, electrostatic binding, and sequence-specLfic binding. 
In one embodiment, the nucleic acid targeted compoxmd comprises a nucleic acid alkylator. 
In a preferred enabodiment, the nucleic acid targeted compound is p-alanine, M-C^cridin-9- 
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yl), 2-[bis(2-chloroethyl)ainino]efliyl ester. In one embodiment, the nucleic acid targeted 
compound that reacts directly with tixe nucleic acid reacts upon activation of the compound 
by irradiation, preferably by UVA irradiation. In one embodiment, th© nucleic acid 
targeted compound activated by UVA irradiation is a psoralen. In a preferred embodiment, 
the psoralen is 4'-(4-amino-2-oxa)butyl'4,5*,8-trimethylpsoralen. Inorte embodiment, the 
nucleic acid targeted compound indirectly causes the modification of ttie nucleic acid. In 
one embodiment, the nucleic acid targeted compound indirectly causes modification upon 
activation by irradiation, preferably by UVA irradiation. In one embodiment, the microbe 
comprises a genetic mutation. In one embodiment, the genetic mutatioxi results in the 
attexiuation of the ability of the microbe to repair microbial nucleic acid that has been 
modified. In one embodiment, the genetic mutation is in the gene selected fix)m the group 
coasisting ofphrB, wvrA, in^rB, uvrC, uvrD and recA, or their functionally equivalent 
" gen.es, depending on the geniis and sp^ies of the microbe. In one embodiment, the 
mutation is in one or more of the genes selected from the group consisting of phrB^ wvrA, 
ttvrB, uvrC, uvrD and recA^ or their fimctionally equivalent genes. In ane embodiment, the 
genetic mutation results in the attenuation in the activity of a DNA repair enzyme selected 
from the group consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA.. In a further 
embodiment, the microbes containing these mutations are modified by reaction with a 
psoralen activated by UVA kradiation* In a preferred embodiment, the i)soralen is 4 -(4- 
amitio-2-oxa)butyM,5*,8-trimethylpsoralen. In one embodiment, the microbe is selected 
from the group consisting of bacteria, protozoa and fimgi. In one embodiment, the microbe 
is a bacteria. In one embodiment, the bacteria is an intmcellular bacteria. In a preferred 
embodiment, the bacteria is a Listeria, preferably Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the ability 
of tbe Listeria to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria by phagocytic cells. In one embodiment, the Listeria mutation is in an 
intemalin gene(s). In one embodiment, the Listeria mutation is in the gene selected firom 
the group consisting of m/A, /wffi, and any gene encoding an intemalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the m/A and 
inlB genes. In one embodiment, the Listeria comprises a mutation that results in the 
attenuation of the abiUty of the Listeria to escape the phagolysosome of an infected cell. In 
one CTibodiment, the Listeria mutation is in the hly gene. In one embodianent, the Listeria 
comprises a mutation that results in the attenuation of flie polymerization, of actin by the 
Lister'ia. In a piefeired embodiment, th.e Listeria mutation is in the act A gene. In one 
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embodiment^ the Listeria comprises mutations in the actA gexie and one or more intemalin 
genes. In a preferred embodiment, the Listeria comprises a mutation in the actA gene and 
the inlB gene, preferably the Listeria comprises an actA/inlB deletion mutant. In a 
preferred embodiment, the Listeria monocytogenes octA/inlB deletion mutant further 
comprises a deletion mutation in the uvrAB gene. 

[0152] In one embodiment, the invention includes a \raccine composition 

comprising a bacteria in which the bacterial nucleic acid is modified so that the 
proliferation of the bacteria is attenuated, wherein the bacterial gene expression is 
substantially unaffected. In one embodiment, the bacterial ge^ne expression is substantially 
unaffected so that an antigen is expressed at a level sufficient to stimulate an immune 
response to the bacteria upon administration of the bacteria to an individual. In one 
embodiment, the prolifKcation of the bacteria is attenuated by at least about 0.3 log, also at 
-least about 1 log, about 2 log,- about 3 log, about 4 log, about 6 log, or at least about 8 log. 
In another embodiment, the proliferation of the naicrobe is attenuated by about 0.3 to > 10 
log, about 2 to >10 log, about 4 to >10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 
log, about 0.3-5 log, about 1-5 log, or about 2-5 log. In one embodiment, the expression of 
an antigen by the bacteria is at least about 10%, about 25%, about 50%, about 75%, or at 
least about 90% of the expression of the antigen by a bacteria in which the bacterial nucleic 
acid is not modified. In one embodiment, the bacterial nucleic acid is modified by a 
method selected from the gproup consisting of exposing the bacteria to radiation and 
reacting the bacteria with a nucleic acid targeted compomd th.at causes the modification of 
the bacterial nucleic acid. In a preferred embodiment, die bacterial nucleic acid is modified 
by reacting the bacteria with a nucleic acid targeted compound that reacts direcdy with the 
nucleic acid. In one embodiment, the nucleic acid targeted compound is targeted to the 
nucleic acid by a mode selected from the group consisting of intercalation, minor groove 
binding, major groove binding, electrostatic binding, and sequence-specific binding. In one 
embodiment, the nucleic acid targeted compound comprises a nucleic acid alkylator. In a 
preferred embodiment, fiie nucleic acid targeted compound is fB-alanine, N-(acridin-9-yl), 
2-[bis(2-chloroethyl)amino] ethyl ester. In one embodiment, ±ie nucleic acid targeted 
compound that reacts directly with the nucleic acid reacts upon activation of the compoimd 
by inBdiation, preferably by UVA irradiation. In one embodiment, tihe nucleic acid 
targeted compound activated by UVA irradiation is a psoralen. In a preferred embodiment, 
the psoralen is 444-aniina-2-oxa)butyl-4,S',8-trimethylpsoialen. In one embodiment the 
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nucleic acid targeted compound indirectly causes ttie modification of the nucleic acid. In 
one embodiment, the nucleic acid targeted compound indirectly causes modification -upon 
activation by irradiation, preferably by UVA irradiation. In one embodiment, the baoteria 
comprises a genetic mutation. In one embodiment, flie genetic mutation results in the 
attenuatioix of the ability of the bacteria to repair bacterial nucleic acid that has been 
modified. In one embodiment, the genetic mutation, is in the gene selected from the group 
consisting of phrB, wvrA, wvrB, wvrC, uvrD and rec^A, or their functionally equivaleixt 
genes, depending on the genus and species of the bacteria. In one embodiment, the 
mutation is in one or more of the genes selected from the group consisting of phrB, vrA, 
uvrB, iatC, uvrD and recA^ or their functionally equivalent genes. In one embodiment, the 
genetic mutation resxilts in the attenuation in the activity of a DNA repair enzyme selected 
from the group consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA. In a prefenred 
embodimexit, thfe bacteria containing these mutations are modified by reaction-with a 
psoralen activated by UVA irradiation. In a preferred embodiment, the psoralen is 4'-(4- 
amino-2-oxa)bulyl-4,5',8-trimethylpsoralen. In one embodiment, the bacteria is selected 
from the group consisting of Gram positive bacteria. Gram negative bacteria, intracellular 
bacteria and mycobacteria. In one embodiment, the bacteria is selected from the groi:i.p 
consisting of Bacillus anthracis^ Cholera^ Bordetella pertussis^ Corynebacterium 
diphtherias^ E. coU, Borrelia burgdorferi (Lyme), Streptococcus pneumoniae^ Salmortella^ 
Staphylococcus sp,^ Mycobacterium tuberculosis^ Brucella abortus^ Brucella melitensis^ 
• Haemophilus influenzae. Neisseria meningitides, Yersinia pestis^ Shigella sp.^Franci^ella 
tulraensis, and Streptococcus pyogenes. In one emlDodiment, the bacteria is a 
mycobacteria. In one embodiment, the mycobacteria is Mycobacterium tuberculosis. In 
one embodiment, the Mycobacterium tuberculosis comprises a uvrAB deletion mutation. In 
one embodiment, the Mycobacterium tuberculosis comprises a conditional recA mutation. 
In one embodiment, the bacteria is an intracellular bacteria. In one embodiment, the 
intracellular bacteria is Bacillus anthracis. In one embodiment, the Bacillus anthracis 
comprises a wrAB deletion mutation In one embodiment, the Bacillus anthracis 
comprises a conditional recA mutation. In one embodiment, the intracellular bacteria is 
Yersinia posits. Jn one embodiment, the Yersinia pestis comprises a uvrAB deletion 
mutation. In one embodiment, the Yersinia pesiis comprises a conditional recA mutat:ion. 
[0153] The invention includes medicaments comprising the above compositions 

and methods of use of the above compositions, sucbi as vaccination of an individual. In one 
embodiment^ the invention includes a method of using a vaccine of the present invention 
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comprising administering the vaccine to azi individual. In one embodiment, the vaccination 
is performed by administration of the vaccine by a route selected from the group consisting 
of oral, nasal, intraveneous, intradermal, intraperitoneal, intramuscular, intralymphatic, and 
subcutaneous. In one embodiment, the vaccine is administered using a prophylactic 
regimen to an individual having no signs of the disease against which the vaccine is 
targeted. In one embodiment, the vaccine is administered using a therapeutic regimen to an 
individual having symptoms of the disease against which the vaccine is targeted. In one 
embodiment, the vaccine comprises a tumor antigen targeting a cancer and the therapeutic 
vaccination results in a lessening of the symptoms of the cancer. In one embodiment, the 
mean tumor volume in a vaccinated individual decreases by at least about 5%, also about 
10%, also about 25%, also about 50%, also about 75%, also about 90% or about 100%. In 
one embodiment, the vaccine is administered to a mouse using either a prophylactic or 
therapeutic regimen, wherein the mouse-is a model system that can be implanted-with 
tumor cells in order to establish tun^ors in the mice, wherein the vaccine contains at least 
one antigen of the implanted tumor. The tumors are implanted in the mice either after 
(piopliylactic regimen) or before (therapeutic regimen) the vaccine is arf ministered to the 
mice. In one embodiment, the mean tumor volmnes in mice vaccinated using either a 
prophylactic or a therapeutic regimen are less than the tumor volumes in. similar mice that 
are either not vaccinated, or are vaccinated with a similar vaccine vehicle that expresses an 
irrelevant antigen (control mice). In one embodiment, the mean tumor volumes in the 
vaccinated mice is at least about 5%, about 10%, about 25%, about 50%, about 75%, about 
90% or about 100% less than the mean tunxor volumes in the control naice. In one 
embodiment, the median survival time of thte mice vaccinated using either a prophylactic or 
a tbempeutic regimen is at least about 2, about 5, about 7 or at least aboixt 1 0 days longer 
than ixx the control mice. 

[0154] In one embodiment, the invention includes a method of nxaking a vaccine 

composition comprising treating a nncrobial population so that the microbial nucleic acid is 
modified so that the proliferation of the miorobial population is attenuated, wherein the 
microbial gene expression is substantially uouaffected. In another embodiment, the 
invention includes a method of making a vaccine composition con^risin:g treatkig a 
microbial population so that the microbial micleic acid is modified so tha.t the proliferation 
of the microbial population is attenuated, wlaerein flie microbial gene expression is 
substantially xmafifected, and then using that microbial population to loai an antigen- 
pieseating cell with antigen and induce aotivation/matuiation of the antig:en-presenting cell. 
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In one embodiment, the microbial population is treated by irradiation. In one embodiment, 
the microbial population is treated by reacting with a nucleic aci<i targeted compound that 
indirectly causes the modification of the nucleic acid. In a fiirflier embodiment, the nucleic 
acid targeted compound is activated by irradiation, wherein activ^ation of the compoimd 
causes the indirect raodification of the nucleic acid. In a further embodiment, activation of 
the nucleic acid targeted compound results in a reactive oxygen species that modifies the 
nucleic acid. In one embodiment, the microbial popxilation is tr&ated by reacting with a 
nucleic acid targeted compoimd that reacts directly with the nucleic acid. In one 
embodiment, the nucleic acid targeted compoimd is reacted at a concentration of about 10 
pM to 10 mM, also afcout 100 pM to 1 mM, also about 1-500 aMC, also about 1-200 nM or 
about 1-100 nM. In one embodiment, the nucleic acid targeted compound comprises an 
aUcylator. In one embodiment, the alkylator is selected from the ^oup consisting of 
mustards, mustard intennediates and mustard equivalents. In one embodiment, the nucleic 
acid targeted compovuid comprises a nucleic acid targeting group selected jftom the group 
consisting of intercalators, nodnor groove binders, major groove binders, electrostatic 
binders, and sequence-specific binders. In one embodiment, the xtucleic acid targeted 
compound reacts directly with the nucleic acid upon activation of the compound. In one 
embodiment, the activation of the compound is by irradiation. Idl one embodiment, the 
irradiation is UVA irradiation. In a preferred embodiment, the nucleic acid targeted 
compound is a psoralen conq)ound activated by UVA irradiation. In one embodiment, the 
psoralen compound is at a concentration of about 10 pM to 10 mlM, also about 100 pM to 1 
mM, also about 1-50O nM, also about 1-200 nM or about 1-100 dlM, and the UVA 
irradiation is at a dose of about 0.1 - 100 J/cm^ also about 0.1-20 J/cm^, or about 0.5-5 
J/cm^ or about 2-4 J/cm?. In one embodiment, the proliferation of the joaicrobial population 
is attenuated by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, 
about 4 log, about 6 log, or at least about 8 log. In another embocSiment, the proliferation of 
the microbial population is attenuated by about 0,3 to > 10 log, at>out 2 to >10 log, about 4 
to >10 log, about 6 to >10 log, about 0.3-8 log, about 03-6 log, about 0.3-5 log, about 1-5 
log, or about 2-5 log- In one embodiment, the expression of an antigen by the microbial 
population is at least about 10%, about 25%, about 50%, about 75%, or at least about 90% 
of the expression of fbie antigen by a microbial population that has not been treated to 
modify the nucleic acid. In one embodiment, the antigen expressed is an antigen from the 
microbe itself. In one embodbximt,ibom^^ 

antigen is from Mycobacterium tuberculosis. Jn one embodiment^ the microbe is Bacillus 
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anthracis and the antigen is from Bacillus anthracis. In one embodiment, the microbe 
comprises a heterologous nucleic acid sequence encoding an antigen. In one embodiment, 
the antigen is a disease associated antigen. In one encxbodiment, the antigen is associated 
with a disease selected fix)m the group consisting of infectious diseases, autoimmune 
diseases, allergies, cancers, and other hypeiproliferative diseases. In one embodiment, tiie 
antigen is a tumor associated antigen. In one embodiment, the tumor antigen is selected, 
from the group consisting of differentiation antigens, tissue specific antigens, 
developmental antigens, tumor-associated viral antigens, cancer-testis antigens, embryoxuc 
antigens, oncoprotein antigens, over-expressed protein antigens and mutated protein 
antigens. In one embodiment, the tumor antigen is selected from the group consisting of 
mesothelin, Spl7, a)100, PR3, PAGE-4, TARP, WT- 1, NY-ESO-1 and SPAS-1. In one 
embodiment, the microbe comprises a genetic mutation. In one embodiment, the genetic 
mutation results in the attenuation of the ability of the microbe to repair microbial nucleic - 
acid that has been modified. In one embodiment, flie genetic mutation is in the gene 
selected from the group consisting of phrB^ wvrA, in^rB, wvrC, tsvrD and recA, or their 
ftmctionally equivalent genes, depending on the genus and species of the microbe. In one 
embodiment, the genetic mutation is in one or more of the genes selected from the group 
consisting of j^/irB, «vrA, wvrB, wvrC, «vrD and recA, or their functionally equivalent 
genes. In one embodiment, the genetic mutation results in the attenuation in die activity of 
a DNA repair enzyme selected from the group consisting of PhrB, UvrA, UvrB, UvrC, 
UvrD and RecA. In a further embodiment, microbes having these mutations are treated 
with a psoralen activated by UVA irradiation. In one embodiment, the microbe is selected 
from the group consisting of bacteria, protozoa and fturgi. In one embodiment, the micro'be 
is a bacteria. In one embodiment, the bacteria is an mtraceUular bacteria. In a preferred 
embodiment, the bact^ia is a Listeria^ prefetahly Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the ability 
of the Listeria to invade non-phagocytic cells without significantiy affecting tiie uptake of 
the Listeria by phagocytic cells. In one embodiment, tbe Listeria mutation is in an 
intemalin gene(s). In one embodiment, the Listeria mutation is in the gene selected from 
the group consisting of inIA, //i/B, and any gene encodixig an intemalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the inlA and 
m/B genes. In. one embodiment, the Z/j^rm'a comprises a mutation tiiat results in the 
attenuation of the ability of the Listeria to escape the plxagolysosome of an infected cell. En 
one embodiment, the Listeria mutation is in the hfy gene. In one embodiment, the Listerias 
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comprises a mutation that results in the attenuation of the polymerizatioii of" actin by the 
Listeria. In a preferred embodiment, the Listericz mutation is in the act A geaie. In one 
embodiment, the Listeria comprises mutations id the actA gene and one or more kitemalin 
genes. In a preferred embodiment, the Listeria comprises a mutation in the actA gene and 
the inlB gene, preferably the Listeria comprises an actA/inlB deletion mutant. In a 
preferred embodiment, the Listeria monocytogenes actA/inlB deletion mutaxit further 
comprises a deletion mutation in the uvrAB gene. 

EXAMPXES 
EXAMPLE 1 

Psoralen treatment of Listeria strains providing attenuation of proliferation while 
^ maintaining expressioxi of OVA antigen. 

[0155] Several straios of Listeria monocytogenes that have been modified to 

express ovalbumin, a heterologous chicken OVA antigen, were reacted wifti 4 -(4-amino-2- 
oxa)butyl-4,5',8-trimethylpsoralen (S-59 prepared from soHd (Ash-Stevens^ Riverview, MI) 
as 3 mM solution, by Ben Venue, Cleveland, OH (see US patent 5,399,71 9)^ and UVA light 
(320-400 nm). Tlie resulting Listeria were assayed to assess the reduction in the log titer of 
viable Listeria as well as for the e?q)ression of tbe OVA antigen by the Listeria, The 
Listeria strains were provided by Dr. Dan Portnoy at the University of California, Berkeley 
and modified to contain the OVA antigen as discussed in Example 8. These were DP- 
L4056 (wild-type), DP-L4029 (10403S AactA, phage cured deletion mutation in the Act A 
gene, see Skoble et al., Journal of Cell Biology, 150:527-537 (2000) and Lauer et al.. 
Journal of Bacteriology 184(15):4177-4186 (20O2)), DP-L4364 (10403S AlplA, deletion 
mutation in phospholq>ase A gene) and DP-L40 17 (10403S hlywsiT, point mutation in the 
hemolysin gene, see Glomski et aL, Journal of Cell Biology 156(6): 1029-1 038, (2002)). 
The strains were gro^m in BHI medium (Brain Heart Infusion, Fisher Scientific) at 37 °C at 
300 rpm to a comcentration of approximately 1 tc 10^ CFU/mL (to an absorbance at 600 nm 
of O.S). A 1.0 mL aliquot of each strain was tnmsferred to duplicate 15 mL^ tubes. Each 
tube was centrifixsed at 4 for 20 minutes at 2300 x g, the supernatant retDoioved and 5 mL 
of PBS Cpbosphate buffered saline, Hyclone) with 1% BSA with and without the S-59 was 
added to Ihe duplicate tubes (1x10^ CFU/mL). The S-59 was added at a concentration of 
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100 nlM. Samples were placed in 6 well culture plates and UVA. Lrradiated at a dose of 
approximately 2 J/cm^ (FX1019 irradiation device, Baxter Fenwal, Round Lake, IL). Each 
sample was then transferred to a 15 rnJ. tube, centrifuged as above, and the supernatant 
removed. These were washed with 5 mL of PBS, centrifuged and the supernatant removed 
and the final bacterial pellet was suspended in 0.5 mL of PBS. A 100 ^iL sample of each 
was used to determine the bacterial titer by serial dilution. Each dilution was plated onto 
an LB (Luria-Bertani, Q-Biogene, Carlsbad, CA) plate and incubated overnight at 37 °C 
and the colonies were counted to measure the bacterial titer. 

[0156] The antigen presentation of the bacterial samples was assessed using a 

murine DC 2.4 cell line (dendritic cell line firom the Dana Farber Cancer Institute, see Shen 
et al., J Inmnmol 158(6):2723-30 (1997)) and a B3Z T cell hybridama (obtained from Dr. 
Shastri, University of California, Berkeley). The B3Z is a lacZ indxicible CD8+ T cell 
hybridoma tharexpresses a P-galactosidase gene upon recognition of OVA antigen in 
context of MHC class I molecules. Tte metabolism of CPRG (chloiophenolred-|J-D- 
galactopyranoside, Calbiochem, La Jolla, CA), a substrate for the p-galactosidase, was used 
to assess the level of P-galactosidase produced, which is direcfly coxrelated to the amount 
of OVA antigen presented by the DC 2.4 cells. The DC 2.4 cells amd the B3Z T cell hybrid 
were maintained in RPMI 1640 culture medium (RPMI, Invitrogen) with 10% FBS (fetal 
bovine serum, HyClone ). The DC 2.-4 cells were transferred in 20O |uiL aliquots to the 
wells of a 96 well culture plate (1x10^ DC 2.4 p&r well). The bacterial samples were 
serially diluted 50 fxL stock to 450 pL PBS down to 1 x 10^ CFVftxJL (S-59 treated samples 
are CFU equivalents, i.e. it is the mmiber of colony forming units prior to S-59 treatment). 
A 20 aliquot of each dilution is traixsfened to a well containing ttie DC 2.4 cells to give 
approxiraately 1 x 10^ 1 x 10^ 1 x 10^, 1 x 10^ or 1 x 10** CFU/mL. In addition, a 20 yiL 
aliquot of PBS only was added as a negative control. The samples were incubated for 1 
hour at 3 7 **C in 5% CO2. The plate was washed three times wifli PB S to remove 
extracellxilar bacteria. A 200 ]xL aliquot of B3Z T cells (1 x 10^ cell> and 100 jig/mL 
Gentamycin (Sigma) was added to each. well. As a positive central, 100 nM SL8 OVA257. 
264 peptide (SL8 OVA antigen, SUNFEKL, SEQ ID N0:1, Invitrogeni, San Diego, CA) was 
added to a well containing 1 x 10^ each of the DC 2.4 and B3Z cells. The sampes were 
incubated overnight at 37 °C in 5% CO2. The plate was centrifuged for 3 minutes at 400 x 
g and eacli well washed with 250 }xL of PBS. A 100 |iL aliquot of PBS containing 100 pM 
2-mercaptoethanol, 9 mMMgCh, 0.125% Igepal CA-630 
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((Octaphenoxy)polyetboxyethanol, Sigma), and 0.15 mM CPRG was added to each well. 
The samples were incubated at 37 °C for at least 4 hours. The absorbance was measured at 
595 nm with a reference measurement at 655 nm using a plate reader. The results for the 
bacterial titer and the antigen presentation of S-59 treated relative to the imtreated (100 
bacteria per DC 2.4) is given in Table 1 . The results indicate that at a level of 100 bacterial 
cells added per DC 2.4, the antigen presentation is approximately 55-85% of the untreated 
sample. Since the bacterial titer was reduced by approximately 10"^, this indicates that 
sufficient antigen presentation is maintained with considerable attenuation of the 
proliferation of the Listeria. 

Table 1 Log attenuation and antigen presentation of Listeria strains expressing OVA 
antigen treated with 100 nM psoralen S-59 and 2 J/cm^ UVA light. 



Listeria strain 


Log attenuation 


% antigen presented* 


DP-L4056 


4;02 


74.6 


DP-L4029 


4.14 


54.9 


DP-L4364 


4.53 


84.3 


DP-L4017 


4.11 


55.2 



As percent of untreated, naeasured at 100 Listeria per DC 2.4 cell. 



[0157] A similar procedure was done using the DP-L4056 -wild-type strain. The 

bacteria was treated with 100, 200, 400, 800 or 1000 nM S-59, the remaining titer 
determined and the antigen presentation measured as detailed above. The results for the 
bacterial titer and antigen presentation (100 Listeria per DC 2.4 cell) are shown in Table 2 
and plotted in Figure 1 . This data indicates that the antigen presentation is significant over 
a broad range of attenuation, in the Listeria growth, including presentation of antigen with 
complete inhibition of proliferaition (i.e. to the limit of detection). 



Table 2 Log attenuation and antigen presentation of Listerici strain DP-L4056 

e^qpressing OVA antigen treated with varying concentrations of psoralen S- 
59 and 2 J/cm^ UVA light 



S-S9 concentration 






%antig«D 


(oM) 


Log titer 


Log attenuation 


presented* 


0 


8.64 


0 




100 


4.34 


4.30 


75.0 
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200 


3.10 


5.54 


58.9 


400 


2.48 


6.16 


30.3 


800 


<1 


>7.54 


23.6 


1000 


<1 


>7.64 


5.6 



As percent of untreated, measured at 100 Listeria per DC 2.4 cell. 



EXAMPLE 2 

DNA targeted alkylator treatment of Listeria strains providing attrauation of proliferation 
while maintaining expression of OVA antigen. 

[0158] A procedure was done similarly to Example 1 only using the compoimd. 
alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester (Compound 1, ChemSyn, 
Harrisbnville, MO, see US patent 6,093,725). The Listeria strains used were DP-L405 6 
and DP-L4017. Compound 1 (1 mM in acidic BBS (blood bank saline), 135 ^1 of M 
H3PO4 per 100 ulL BBS) was added to 5 mL of bacteria at 1 x 10^ CFU/mL to 
concentrations of 0, 0.5, 1, 2, 5, and 10 jjM and the samples incubated for 2 hours at 10 om 
temperature. After the incubation, the bacterial titer and antigen presentation was assessed 
as per Example 1 . For the antigen presentation, the Listeria strains were diluted to 1 x 10^, 
1 X 10^ 1 X 10\ 1 X 10^ 1 X 10^ or 1 x 10^ CFU/mL. The log titer, log attenuation andL 
antigen pres^tion as a percent of untreated (1 Listeria per I>C 2.4) as a function of 
compound 1 concentration is given in Table 3 and Figures 2^,B. The results indicate tEiat 
compound 1 is also effective, e.g. at 1 fiM, at providing sufiELcient antigen presentation ^^th 
considemble attexiuation of the proliferation of the Listeria. 

Table 3 Log attenuation and antigen presentation of Lzsteria strains treated with 



vairying concenttations of compound 1. 



[compound 1] 


Log attemiatioii 


% antigen presented* 


fjM 


DP-L4056 


DP-U017 


DP-L4056 


DP-I4017 


0.5 . 


1.04 


1.02 


56.6 


70.0 


1 


3.47 


3.43 


35.0 


43.0 


2 


6.47 


6.52 


18.5 


25.4 


5 


>7.0 


>7.0 


- 3.7 


2.0 


10 


>7.0 


>7.0 


Not measured 


NotmeasurecS 
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* As percent of untreated, measured at 1 Listeria per DC 2.4 cell. 

EXAMPLES 

Comparison of attenuation of proliferation by psoralen treatment of tA>/-AB mutant vs. wild- 
type Escherichia colL 

[0159] The psoralen treatment of a mutant Escherichia coli (E. col£) strain that is 

deficient in the ability to repair nucleic acid damage was compared to a wild-type strain. E. 
coli strains ABl 157 (wild-type) and GSR 603 (uvrA, recA,phr mutant obtained from Dr. 
Aziz Sancar, University of North Carolina, see Harm, Mutation Research 60:263-270 
(1979)). This example compares fho attenuation of AB1157 vs mutant CSR603 grown in 3 
mL of LB media with streptomycin overnight at 37 °C on an orbital shaker at 250 rpm. A 2 
mL aliquot of tfiis was added to 100 mL of LB media at 30 *^C and-placed on the shaker for 
approximately S hours, until the absoxbance at 600 um was 0.9 OD, approximately 1 x 10^ 
CFU/mlr. For each strain, approxunately 6.5 mL of the bacterial stock was added to a 15 
mLtube and centiifiiged at 4 *^C for 20 minutes at 2300 x g. The supemataait was removed 
and eacli pellet was suspended in 5 mL of PBS containing 0, 1, 10, 100, and 1000 nM of 
psoralen. S-59. Each sample was transferred to a 6 well culture plate and irradiated as per 
Exaiiq>le 1 . The samples were serially diluted and the titer determined as per Example 1. 
The results are shown in Table 4 and Figure 3. The results indicate that psoralen treatment 
of the uvrABC mutant results in greater attenuation in the proliferation of tkie bacteria 
(lower titer remaining) for a given psoralen concentration. 



Table 4 Attenuation of E coU wild-type vs, uvrABC mutant with psojtalen treatment. 



[S-59] 


Bacterial log titer 


Log attenaation 


nM 


Wild-type 


t/vrABC mutant 


Wild-type 


uvrABC mutant 


O 


8.0 


7.75 






1 


8.08 


5.52 


0 


2.23 


lO 


7.99 


4.68 


0.01 


3.07 


100 


7.57 


3.1 


0.43 


4.9 


lOOO 


4.91 


<1 


3.09 


>6.65 
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EXAMPLE 4 

Therapeutic vaccinatioii of mice using Listeria strains with and without S-59 treatment. 

[0160J In order to assess the utility of S-59 treated Listeria as a vaccine, a C57B1/6 

mouse melanoma tumor model was xised. C57B1/6 mice (Charles River, HoUister, C A) 
were shaved and implanted subcutaneously with 2 x 10^ B16.F10.Mo520.10 cells (B16- 
OVA expressing melanoma cells obtained fiom Dr. Kenneth Rock, University of 
Massuchesetts, see Mandl et al., Proc Natl Acad Sci USA 95:8216 ( 1998)) in 100 \iL of 
HBSS. Listeria monocytogenes strains DP-L4056 and DP-L4017 contaming the OVA 
antigen were prepared with or without S-59 treatment (20 nM S-59 XJVA dosed as per 
Exanq)le 1). In addition, th.e wild-type strain DP-L4056 without the? OVA antigen was used 
as a control. The log titer of the S-59 treated samples was determined to assoss the log 
attenuation due to the psoralen treatment (Table 6). The Listeria were suspended in HBSS 
(Hanks Balanced Salt Mediiam, Gibco) and groups of 10-12 mice were vaccinated three 
times with a 100 \xL intraperitoneal injection of each strain, as well as a group injected with 
HBSS vehicle. The vaccination dose (total CPU per vaccination) fox the various strains is 
indicated in Table 6. The doses corcesponded to 0. 1 LD50 for the noai S-59 treated Listeria 
and the Tr>a7fiTt^nm possible dose for the S-59 treated Listeria, The vaccination was done at 
3, 10 and 17 days after tumor implant. The mice were observed for palpable tumors. Once 
observed, the opposing diameters of the tumors were measured twice a week. If the tumor 
measured 20 mm in any direction, the mice were saciiBced. The mean tumor volume as a 
function of days post B16-OVA implant are shown in Figure 4 and Table 5. The percent 
survival of mice per group is plotted in Figure 5 and the median survival is given in Table 
6. This example shows Ifaat high doses of S-S9 treated Listeria straixis can be safely given 
to mice, resulting in a good anti tumor response. 

Table 5 Tumor volume at days post implant for mice implanted wifli B16-OVA and 



vaccinated with the identified Listeria strains. 





Mean tumor volume (rom^) 


Vaccine sanaple 


Day 10 


Day 13 


Day 17 


r>ay20 


Day 24 


HBSS 


48.2 


158.8 


515.1 


1603 


2444 


DP-L4056 


35.3 


123.6 


571.8 


1304 


2123 


DP-L4056-OVA 


34.6 


31.8 


36.6 


101.3 


404.8 
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DP-L4056-OVA+S-59 


18.9 


14.6 


14.9 


46.2 


210.^ 


DP-U017-OVA 


22.7 


26.8 


73.8 


164.6 


689.5 


DP-I>M)l7-OVA+S-59 


33.5 


56.7 


79.3 


146.3 


464.0 



Table 6 Vaccination dose and median survival foT Listeria strains with and wifbLout 



20 nM S-59 treatment (2 J/cm^ UVA> 



Vaccination sample 


Dose (CPU) 


Median survival 
(days) 


Log titer 
reduction 


BBSS 




20 




DP-L4056 


5x10-* 


22.5 




DP-L4056-OVA 


2x10* 


30 




DP-L4056-OVA-+- S-59 


1x10' 


30 


3.76* 


DP-I/4017-OVA 


1 X 10' 


30 




DP-L4017-OVAH- S-59 


' 1x10" 


32 


4.27* 



Value is average of three preparations. 



EXAMPLES 

Assessment of antigen-specific immune responses after vaccination. 

[0161] The vaccines of the present invention can. be assessed using a variety of in 

vitro and in vivo methods. These methods are exemplified using a Listeria based vaccine 
but can be used to evaluate the potential e£ELcacy of any microbial based vaccine of the 
present inventioa 

[0162] Some assays involve the analysis of antigen-specific T cells firom the 

spleens of mice that have been vaccinated. CS7B1/6 mioe are vaccinated^ for example 
inliaperitoneal injection of 0. 1 LD50, with a ListeriaOYJk strain, where the Listeria may be 
treated to attenuate proliferation (e.g. S-S9 treatment). Seven days after the vaccination, 
the spleen cells of the xnice are harvested (typically 3 mice per group) by placing flie 
spleens into ice cooled RPMI 1640 medium and preparing a single cell suspension fiom 
this. As an alternative, the lymph nodes of the mice coold be similarly harvested, prepared 
as a single cell suspension and substituted for the spleen cells in &e assays described 
below. Typically, spleen cells are assessed for intmveneous or intraperitoneal 
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administration of the vaccine while spleen cells and ceDs from lymph nodes are assessed 
for intramuscular, subcutaneous or intradermal administration of the vaccitre. 
[0163] Unless otherwise noted, all antibodies used in these examples can be 

obtained from Pbarmingen, San Diego, CA. 
[0164J ELISPOT Assay: 

[016SJ A Listeria strain having an OVA antigen is assessed for the quantitative 

frequency of antigen-q>ecific T cells generated upon inmumization in a mouse model using 
an ELISPOT assay. The antigen-specific T cells evaluated are OVA specific CD8+ or 
LLO specific CD8+ or CD4+ T cells. This OVA antigen model assesses the immune 
response to a heterologous tumor antigen ins^ed into the vaccine and could be substituted 
with any antigen of interest. The LLO antigen is specific to Listeria^ and could be 
substituted for an appropriate antigen for any microbial vector used as the veiccine vehicle. 
The specific Tcells are assessed by detection of cytokine release (e.g. XPN-y) upon 
recognition of the q>ecific antigen. P VDF-based 96 well plates (BD Biosciences, San Jose, 
CA) are coated overnight at 4X with, an anti-murine IFN-y monoclonal antil^ody (mAb R4; 
5 fig^nL). The plates are washed and blocked for 2 hours at room temperature with 200 
of complete RPMI. Spleen cells fix>m vaccinated nuce (or non vaccinated control mice) are 
added at 2 x 10* cells per well and incubated for 20 to 22 hours at 37**C in tixe presence of 
various concentrations of peptides ranging ftom about 0.01 to 10 |iiM. The peptides used 
are either SL8, an MHC class I epitope for OVA, LLO190 (NEKYAQAYPNVS, SEQ ID 
N0:2 , Invitrogen) an MHC class n epitope for list^olysin O {Listeria antigen), or LLQ296 
(VAYGRQVYL, SEQ ID NO:3X an MHC class I epitope for listeriolysin O. After 
washing, the plates are incubated with, secondary biotinylated antibodies specific for IFN-y 
(XMGl .2) diluted in PBS to O.Sfig/niLr. After incubation at room temperature for 2 hours, 
the plates are washed and incubated for I hour at 37 ^C with a 1 nm gold goa,t anti-biotin 
conjugate (GAB-1; 1:200 dilution; Ted PeUa, Redding, CA) diluted in PBS containing 1 % 
BSA. After thorough washing, the plates are incubated at room temperature for 2 to 10 
minutes with substmte (Silver Enhancing Ki^ 30 juL/well; Ted Fella) for spot development 
The plates are then rinsed with distilled water to stop the substrate reaction. Alter the plates 
have been air-<iried, spots in each well are counted using an automated ELISPOT plate 
reader (CTL, Cleveland, OH). The cytokine response is expressed as the number of IFN-y 
spot-fonning,cells (SFCs) per 10^ spleen cells for either the OVA specific T cells or the 
Listeria specific T cells. 
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Intracellular Cytokine Staining Assay (ICS): 
[01661 In order to further assess the number of antigen-specifio CD8+ or CD4+ T 

cells and correlate the results with, those obtained from ELISPOT assa^^s, ICS is performed 
and the cells evaluated by flow cytometry analysis. Spleen cells from vaccinated and 
control groups of mice are incubated with SL8 (stimulates OVA specific CD8+ cells) or 
IX0i9o (stimulates LLO specific CD4+ cells) for 5 hours in the presence of Brefeldin A 
(Phanrdngen). The Brefeldin A inhibits secretion of the cytokines produced upon 
stimulation of the T cells. Spleen ceUs incubated with an irrelevant MIHC class I peptide 
are used as controls. PMA (phorbol-12-myristate-13-acetate, Sigma) 20 ng/mL and 
ionomycin (Sigma) 2 fig/mL stimulated spleen cells are used as a positive control for IFN-y 
andT^^-a intracellular cytokine staining. For detection of cytoplasmic cytokine 
expression, cells are stained with FITC-anti-CD4 mAb 4-5) and PerCP-anti-CD8 mAb 
(53-6.7), fixed and permeabilized with Cytofix/CytDPfenn solution (Ph^umingen), and 
stained vWth PE-conjugated anti-TNF-a mAb (MP6-XT22) and APC-oonjugated anti-IFN-y 
mAb (XMG1.2) for 30 minutes on ice. The percentage of cells expressing intracellular 
IFN-y and/or TNF-a was detenniiied by flow cytometry (FACScalibur, Becton Dickinson, 
Mountain View, CA) and data analyzed using CELLQuest software (B ecton Dickinson 
Immunocytometry System). As the fluorescent labels on the various antibodies can all be 
distinguished by the FACScalibur, the appropriate cells are identified t>y gating for those 
CD8+ and CD4+ that are stained with either or both of the anti-IFN-y or anti-TNF-a. This 
method can also be used to detemodne the immunogenicity of microbial vaccines, wherein a 
dendritic cell population, or another antigen presenting cell such as a nxacrophage 
pppolation, is incubated with the xrdcrobial vector The resulting antigen presenting cells 
are injected into the feet of the mice and the cell population fix)m the lymph nodes is 
assessed for T cells as above. 

Cytokine Expression of Stiinulated Spleen Cells: 
[01671 The level of cytokixie secretion by the spleen cells of mice can also be 

assessed for control and vaccinated C57BI/6 mice. Spleen cells are stimulated for 24 hours 
with SL8 or LLO190. Stimulation with irrelevant peptide HSV-gB^ (Invitrogen, 
SSIEFAKI^ SEQ ID NO:4) is used as a control. The supematants of fbte stimulated cells 
are collected and the levels of T helper-1 and T helper 2 cytokines are determined using an 
EliSA assay (eBiosciences, CO) or a Cytometric Bead Array Kit (Pharmmgen). 
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[0168] Assessment of Cytotoxic T cell Aotivity: 

[0169] The OVA specific CD8+ T cells can be fixxther evaluated by assessing their 

cytotoxic activity, either in ^itro or directly in C57B1/6 mouse in vivo. The CD8+ T cells 
recognize and lyse their respective target cells in an antigen-specific manner. In vitro 
cytotoxicity is determined using a chromium release assa;y . Spleen cells of naive and 
Listeria-OVA (internal) vaccinated mice are stimulated a 10: 1 ratio with either inaddated 
EG7.0VA cells (EL-4 tumor cell line transfected to express OVA, ATCC, Manassas, VA) 
or with 100 nM SL8, in order to expand the OVA specific T cells in the spleen cell 
population. After 7 days of culture, the cytotoxic activity of the effector cells is determined 
in a standard 4-hour ^^Cr-release assay using EG7.0VA or SL8 piilsed EL-4 cells (ATCC, 
Manassas, VA) as target cells and EL-4 cells alone as negative control. The YAC-1 cell 
line (ATCC, Manassas, VA) is used as targets to determine NK cell activity, in order to 
distinguish thfe activity due to T cells from that due to NK- cells. The percentage of specific 
cytotoxicity is calculated as 100 x (experimental release spontaneous release) / (maximal 
release - spontaneous release). Spontaneous release is determined by incubation of target 
cells without effector cells. Maximal release is detemained by lysing cells with 0.1% Txiton 
X-100. Experiments are considered valid for analysis if spOQtaneous release is < 20% of 
maximal release. 

[01701 assessment of cjrtotoxic activity of OVA-specific CD8+ T cells in 

vivo, spleen cells &om naive C57B1/6 mice are split into two equivalent aliquots. Each 
grotq) is pulsed with a specific peptide, either target (SL8> or control (HS V-gB^), at 0.5 
|ig/mL for 90 minutes at 37 ^C. Cells are then washed 3 times in medium, and twice in 
PBS + 0.1% BSA. Cells are lesuspended at 1 x 10^ per mX in warm PBS + 0.1% BSA <10 
mL or less) for labeling with caiboxyfluorescein diacetate succinimidyl ester (CFSE, 
Molecular Probes, Eugene, OR). To the target cell suspeojsion, 1 JtS (iL of a SmM stock: of 
CFSE is added and the sample noixed by vortexing. To the control cell suspension, a texi- 
fold dilution of the CFSE stock is added and the sanqple mixed by vortexing. The cells are 
incubated at 37 ^C for 10 miziutes. Staining is stopped by addition of a large volume 
(>40 mL) of ice-cold PBS. The cells are washed twice at room temperature with PBS, then 
resuspended and counted. Each cell suspension is diluted to SO x 10^ per mL, and 100 ^IL 
of each population is mixed axid injected via the tail vein of either naive or vaccinated naice. 
After 12-24 hours, the spleens are harvested and a total of 5 x 10^ cells are analyzed by 
flow cytometry. The high (taiget) and low (control) fiuore^scent peaks are enumerated, and 
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the ratio of the two is used to establish the percentage of target cell lysis. The in vivo 
cytotoxicity assay permits the assessment of lytic activity of antigen-specific T cells 
without the need of in vitro re-stimulation. Furthenuore, this assays assesses the T cell 
function in their native envirotunent 

EXAMPLE 6 

ELISPOT and ICS analysis of spleen cells from mice vaccinated with Listeria DP-L4056 

with and without S-59. trieatment. 



[0171] . X/j/eWa strain DP-L4056 with or without the OVA antigen was prepared 
with or without S-59 treatment and used to vaccinate C57B1/6 mice as per Example A 
(HBSS control as well), with the exception tiiat administration was intxaveneous. Tbe 
vaccination was done on naiveinice at the doses indicated in Tables 7 and 8. The spleens 
were harvested at 12 days post vaccinatioiL The spleens were assessed by ICS and ^ 
ELISPOT assays as per Example 5. In addition, the LD50 was assessed for these L/5'/ena. 
The ICS assay results for both LLO190 specific CTA^ T cells and OVA specific CD8"*" T 
cells, in terms of percent of cells positive for both TNIF-a and IFN-y, are given in Talkie 7 
and Figures 6A3. The ELISPOT assays, in terms of IFN-^ SFC per 2 x 10^ spleen cells is 
given in table 8 and Figure 7. These results mdicate that the S-S9 treated sample wit±L OVA 
stimulates an OVA specific response when dosed at 1 OO-fold excess of the non S-S9 treated 
sample. While the positive OVA specific response is not observed at lower doses, tbis stiU 
provides an increased safety margin as the S-59 treated sample was attenuated by 4 Leg. In 
addition, the LD50 was 10^-fold higher for the S-S9 treated relative to the untreated sample, 
indicating that even dosing at 100-fold higher levels, there is a 10-fold level of safety/ 
relative to the untreated Listeria. 

Table 7 Percent of spleen cells ^t are both TNTF-a and IFN-y positive for mice 



vacciiiated wifti DP-L4056 with or without OVA, with or without S-5 9 
treatment* 





% TNF-ct/IFN-y positive 


Vaccine sample 


S-S9 treatment 


Vaccination dose 


LLO 


OVA 


HBSS 


No 




0.00 


0.02 


DP-L4056 


No 




1.49 


0.01 


DP-L4056 


Yes 


IxlO* 


0.63 


0.02 
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DP-U056-OVA 


No 


1x10' 


1.78 


1.79 


DP-L4056-OVA 


Yes 


Ix 10= 


0.02 


0.02 


DP-L4056-OVA 


Yes 


1x10" 


0.06 


0.08 


DP-U056-OVA 


Yes 


1x10' 


0.19 


0.83 


DP-M056-OVA 


Yes 


1x10' 


0.14 


0.50 



Table 8 IFN-y SFC per 10* ^leai cells for mice vaccinated wifli DP-DI-056 with or 

without OVA, with or without S-59 treatment 





SCP per 2 X 10= spleen cells for indicated peptide 


Vaccine sample 


Dose 


Control 


SL8 


LLOi9o 


IXQ296 


HBSS 




3 


4 


3 


3 


DP-L4056 


1x10=" 


6 


7 


176 


31 


DP-L4056 +S-59 


1x10^ 


5 


3 


104 


87 


DP-L4056-OVA 


1x10^ 


11 


292 


238 


31 


DP-L4056-OVA +S-59 


1x10=* 


3 


8 


9 


7 


DP-M056-OVA +S-59 


1x10* 


4 


7 


10 


4 


DP-L4056-OVA +S-59 


1 X 10' 


4 


172 


59 


11 


DP-L4056-OVA +S-59 . 


1x10" 


10 


171 


97 


24 



EXAMPLE? 

Construction of pKSV7-dlBsrFI lo^AB for deletion of uvrAB 
&om Listeria "by allelic exchange. 



[0172] A mutant strain of Listeria xxoable to repair damage to DNA induced by 

treatment i?nth psoralen and UVA light was created by substantially deleting fh^ ultraviolet 
ligjit resistance (uvr) AB gene {uvrAB) in Listeria. These mutants are known as DNA 
repair mutants, or alternatively, nucleotide excision repair (NER) mutants. Deletion of 
uvrAB bora Listeria was accomplished by allelic exchange [Camilli et al., Molecular 
Microbiology 8: 143-147 (1993)]. As an example tiiat uvrAB could be deleted fiom any 
Listeria strain, uvrAB was deleted fix)m the Listeria monocytogenes strains shown in Table 
9. 
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Table 9. Parent Listeria monocytogenes strains used for deietion of uvrAB by allelic 
exchange. 



Listeria strain 


Genotype 


Reference 


DP-L405O 


10403S wild-type, phage cured 


Lauer et« al., J. BacterioL 184:4177- 
4186(2002), 


DP-L4017 


10403S, L461TLLO 


Glomsld et al., J. Cell Biol. 
156:1029-1038(2001). 


DP-L4029 


10403S AactA, phage ciued 


Laueret. al., J. BacterioL 184:4177- 
4186(2002); Skoble et. al., J Cell ; 
Biol. 150:527-38 (2000), 



[0173] The wrA and Mvr5 genes encode 2 of the 3 proteins of the ABC 

excinuclease complex required for nucleotide-^xcision repair (NER) in Listeria and other 
bacterial strains of DNA damage inflicted by UV and oth^ agents. The uvrA and uvrB 
genes comprise the same operon in the Listeria genome, and ^ere thus deleted together in 
the Listeria strains shown in Table 9. The uvrA gene maps firom Listeria nts. 2562547 to 
2565461 (SEQ ID N0:5), and the uvrB gene maps from Listeria nts. 2565469 to 2567459 
(SEQ ID NO:6 )[Glaser et. al.. Science 294:849-852 (2001)]. To delete uvrAB by allelic 
exchange, the uvrAB gene was first amplified by PGR, using jEbrward and reverse primers 
that were approximately 9O0 base pairs (bps) upstream and downstream, respectively, of 
uvrAB. The Listeria uvrAB amplicon was generated using PCR primers Lm-2561677F 
(SEQ ID NO:7) and Lm-2568330R (SEQ ID N0:8) and DP-L4056 as template, and was 
6654 base bps long, encompassing Ziyteria nts. 2561677-256S330 (SEQ ID NO:9). 
Listeria wild-^e strain DP-L4056 was cultured oveniight at 30 ^C in Brain Heart Infusion 
broth (BHI, Difco), and 10 fiL of a washed bacterial suspension (prq>ared by centrifugation 
of the 3 nd ovemigiht culture, xe-susp^ision of the bacterial pellet in 5 ml PBS, re- 
centrifugation, and followed by a final le-su^ension of iheLisrteria pellet in I ml of PBSX 
was added to a PCR reaction having a final volume of 100 \sL, that also contained 0.2 fiM 
eachof Lm-2561677Fand Ijm-2568330R primers, 2 jiLpfVeoat DNA polymerase (New 
England Biolabs), together with deoxynucleotide triphospates, buffer, and M gS04 
according to the recommenidations of iho supplier. Successful PGR was confirmed by 
0.8% agarose gel elecfmpboresis in TAB buffer, as demonstrated by the presence of a 
distinct 6654 bp band following staining with ethidium bromide and visualization by 
illumination with UV light. The amplicon product was purified fiom the PCR reaction 
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using GeneClean (Qbiogene, Carlsbad, C A), in a final volume of 50 ^lL. Subsequently, the 
amplicon was inserted into the pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA), using 5 
\iL of the purified uvrAB amplicon in the ligation mixture. Restriction ejozymes were 
purchased firom New England Biolabs (Beverly, MA). The correct construction of the 
pCR2.1-TOPO«vr^ plasmid was verified by digestion with BsrFI (New England 
Biolabs), followed by 1% agarose/TAE electrophoresis, yielding fi^agmeaits of 4612,' 1388, 
1094, 181, 886 and 2424 base pairs. 

[01741 The pCR2. 1-TOPO- wvr^4jB plasmid was used subsequently to generate a 

plasmid for alleUc exchange, in which nts 2562709 to 2567320 of uvrAB (4612 bps) were 
deleted. All restriction enzymes and T4 DNA ligase for recombinant plasmid construction 
were obtained from New England Biolabs. To accomplish the deletion uvrAB sequence, 
one aliquot of the pCR-TOPO/Mvr4iB plasmid (approximately 2 jAg) was digested wilh 
Hindm, BsrFlTand BgUI and the 1 092 base pair fiagment was purified hy 1% agaiose/TAE 
gel electrophoresis and GeneClean. In parallel, a second aliquot (ajqsiDximately 2 fxg) was 
digested with Xhol, BsrFI, and Bglll enzymes, and the 1050 base pair fi:a£ment was 
purified by 1 % agarose/TAE gel electrophoresis and GeneClean. The two 1 092 bp and 
lOSO bp firagments contaimng con^tible BsrFI ends were ligated togeth&r and the 2142 bp 
ligation product was purified using GeneClean. One portion of the 2142 bp ligation 
product was digested with PstI and th.e 1486 bp fi*agment was purified by 1% agarose/TAE 
gel electrophoresis and GeneClean. A second portion of the 2142 bp ligation product was 
digested with Kpnl and PstI, and the 622 bp fiagment was purified by 1% agarose/TAE gel 
electrophoresis and GeneClean. The parent plasmid vector for allelic excliange, pKS V7 
[CamiUi et al.. Molecular Microbiology 8:143-147 (1993)], was digested with Kpnl and 
Psfl and treated with Calf Intestinal Alkaline Phosphatase (CIAP, New England Biolabs) 
and the 622 bp fi:agment having Kpnl and Psfl compatible ends was inserted into the 
pKSV7 plasmid vector to give pKSV7-K/P-338. Subsequently, the 1486 bp fiagment 
having PstI compatible ends was inserted into the vector construct pKSV7-XyP-338 that 
was digested with PstI and treated with CIAP. Insertion of the 1486 bp coaistruct in the 
conect orientation was determined by digestion with Kpnl and HindlH to yield firagment 
sizes of 1253 bp, 865 bp, and 6.9 kb. This plasmid contmct is known as pKSV7-dlBsrFI 
uvrAB, The Listeria dlBsrFT uvrAB portion of Ihe pKS V7 recombinant plasmid was 
sequenced to verify the fidelity of die JListeria sequence and the precise deletion in the 
uvrAB gene of nts. 2562709 to 2567320 (deletion firom uvr coordinates nts. 2562547 to 
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2567459). The deleted region is SEQ ID NO: 10, with the amplicon sequence remaining 
given in SEQ ID NO: 1 1 . 

[0175] The uvrAB genes ot Listeria strains DP-L4056, X>P-L4017, and DP-L4029 

(Table 9) were deleted by allelic exchange using plasmid pKS V7-dlBsrFI uvrAB^ as 
describedpreviously[CamillietaL, Molecular Microbiology 8:143-147 (1993)]. The 
plasmid pKSV7-dlBsrFI ux/rAB was introduced into Listeria strains DP-L4056, DP-L4017, 
and DP-L4029 by electroporation. The Listeria strains were m^ade competent for 
electroporationby first growing a 10 mL overnight culture fronn an isolated bacterial 
colony in BHI with shaking at 37°C. A log-phase culture of each strain was then derived 
by inaoculating 2 mL of the overnight culture into 100 mL O.SCvl sucrose/BHI (sterile 
filtered) in a 250 mL flask. The culture was grown to mid-log ^^hase by shaking at 3TC for 
2-3 hours until a bacterial density of OD60(f^.2 was reached. Subsequently, the culture 
was treated to generate bacteria lacking the peptidoglyc^ cell ^all, known as spheroplastsr 
100 uL of a penicillin G stock solution (10 mg/mL, sterile filtexed) was added to the mid- 
log phase culture, followed by shaking at 37°C for 2 hours. Ttie spheroplast culture was 
pelleted in a 100 mL centrifuge bottle, resuspended with 45 xxJL of an ice-cold 
HEPES/sucrose stock solution (ImM HEPES, pH 7.0 / 0.5M sxicrose, sterile filtered), and 
pelleted again by centrifiigation. The bacterial pellet was resuspended with 20 mL of 
HEPES/sucrose, transferred to a 40 mL centrifuge tube, pelleted, and resuspended in 10 mL 
HEPES/sucrose. 100 jiL of a 10 mg/mL lysozyme stock was tGhen added to the bacterial 
solution, mixed thoroughly, and the culture was incubated 15 raiinutes at 37 ^'C without 
shaking, but was inverted gently twice at 5 minute intervals. TTie lysozyme-treated culture 
was then centrifuged at 50O0 rpm (3000xg) for 10 min. at 4^C^ and resuspended in 10 mL 
HEPES/sucrose; ^s process was repeated twice, with careful ^d thorough resuspension 
each time. The final step to yield electrocompetent Listeria was to resuspend the bacterial 
pellet in 500 ^L HEPES/suciose, 

[0176] For electroporation, 2 \ig of pKSV7-dIBsrFI uvjrAB plasmid DNA was 

added to 10 jiL of DP-L4056, DP-L4017, and DP-L4029 electrocompetent ifetena, and the 
solution was added to a 0.1 cm cuvette. Thecuvettes were pla.ced in the electroporation 
device that was set at 1 KV, 400 ohms, and 25 |xFD, and dxen pulsed. This typically 
resulted in a time constant of about 5 milU-seconds. The cells were immediately added to 1 
mL BHI/sucrose media that was pre-warmed to 30*^09 and theci incubated for 1 hour at 
BO^C, without shaking. Following the incubation period, the bacteria were pelleted. 
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resuspended in 200 ml of BHI broth, and the suspension was plated on BHI-agar cotLtaining 
10 fig/mL chloramphenicol (BHI/CMIO). The plates were then incubated overnight at 
30®C, after which colonies corresponding to pKSV7-dlBsrFI uvrAB plasmid transforcnants 
were visible. The plasmid pKS V7 contains a temperature-sensitive Listeria replicon,, and 
thus the plate must be incubated at 30^C in order to visualize chloramphenicol-resistaiit 
colonies. 

[0177] Allelic exchange of the native uvrAB gene in Listeria strams DP-L405 6, DP- 

L4017, and DP-L4029 transformed by electroporatioii with pKSV7-41BsrFI uvrAB plasmid 
containing a 46 12 bp deletion in uvrAB was accomplished in two steps comprised of 
plasmid integration, followed by plasmid excision (including native uvrAB) and cmix^, as 
described previously [Camilli et al,. Molecular Microbiology 8:143-147 (1993)]. Two 
isolated chloramphenicol-resistant colonies resulting firom each of the Zfa^erta strains DP- 
L4056, DP-L40r7, and DP-L4029 electroporated wiflh pKSV7-dlBsrFI livrAB plasndd 
DNA were selected and then each selected colony was streaked onto fresh BHI/CMIO 
plates, and incubated overnight at 30*^0, The next day, a colony was selected from each 
plate and used to inoculate 10 mL of BHI/CMIO contained in a 250 mL flask, which was 
then incubated overnight at 30®C with shaking. 10 jliL of each of flie overnight cultures 
were then used to inocukite 10 mL of fresh BHI/CMl O media (1 : 1000 dilution), whicb. 
were then grown at 41 ''C with shaking until the cultures reached stationazy phase. 
Following sampling of 10 pL, a plasmid preparation was performed with the remaining 
overnight iwterza culture to insure flie presence of the pKSV7-dlBsrFI uvrAB plasmid 
DNA. Once at stationary phase, 10 |iL of the cultures were used to inoculate 10 mL of 
fresh BHI/CMl O media, which was pre-wanned to 41 **C, and then incubated overnight at 
with shaking. A sample was then taken from each 41**C ovemigjit culture, and uised 
to streak for isolated colonies on BHI/CMIO plates, that were pre-warmed at 41*'C. As the 
plasmid pKSV7 contains a temperature-sensitive Ust&ria replicon, incubation at 41^0 
selects for colonies arising from integration through homologous recombination of the 
pKSV7-dlBsrFI wrAB plasmid with the native uvrAB gene in the Listeria genome, and 
thus amplification and egression of the chloramphenicol drug-resistance maiker tbioujgh 
bacterial cell grow& and divisiotL At this point, the isteria strains are merodiploid for 
the uvrAB gene, comprised of the native uvrAB gene and the 4612 bp deleted uvrAB gene, 
arising from integration by homologous recombinationL of the pKSV7-dlBsrFI uvrAB 
plasmid. 
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[0178] For excision and curing of ttie native uvrAB gene with the pKSV7 plasinid, a 

single colony was selected fiom each of the BHI/CMIO plates incubated a-t 41'*C from the 
step above, and used to inoculate 10 ml of BHI media without chloramphetjaicol, and then 
incubated at 30°C overnight with shaking. The cultures were then diluted 1 : 1000 in 10 mL 
of fresh BHI media without chloramphenicol, and then incubated at 30**C overnight with 
shaking for 6 hours. This step was repeated twice. Upon passage of the nxerodiploid 
intermediate strains for several generations "without drug-selective pressures at a temperature 
permissive for the pKSV? plasmid replicon, spontaneous excision of the integrated pKSV? 
plasmid occurs, and eventual curing of the plasmid from the bacterium pre^dously. 
[Camilli et al., Molecular Microbiology 8:143-147 (1993)]. Following the third 1:1000 
dilution and 6-hour incubation period, a sanxple from each culture was taken, and used to 
streak for isolated colonies on BHI plates (without chloramphenicol), and iaicubated 
overnight at 37®C. One hundred isolated colonies were selected from eacbi BHI plate with 
a tootl^ick, and a 5 mM-long streak was made with each colony first on a BHI/CMIO 
plate, followed by a BHI plate. Plates were marked using a grid so that eac^li matched pair 
of BHI/CM 10 and BHI plates were replicates. The BHI/CMIO and BHI rephcate plates 
were incubated overnight at 37**C- Approximately 5% of the colonies replica-plated on 
BHI/CMIO and BHI plates originating from the two chloramphenicol-resistiant colonies 
from electioporation with DP-L4056, DP-L4017, or DP-L4029 with pKSV^-dlBsrFI uvrAB 
plasmid DNA were drug sensitive (i.e., growth only on BHI plates). These drug-sensitive 
colonies represented candidates containing ttie 4612 bp deletion in uvrAB. lEach of the 
drug-sensitive colonies were re-streaked for isolated colonies on both BHI/CMIO and BHI 
plates and itxcubated overnight at 37°C, to ensure that candidate clones wero both pure and 
drug sensitive. The chloramphenicol-sensitive clones were subjected to PGR using 
primers Ijn-2561 677F and Lm-2568330R (ibid)^ in order to identify clones that also 
contained thie uvrAB deletion. The amplicon size of clones with the native vdvrAB gene was 
6654 bps, acid the amplicon size of the deleted uvrAB gene was 2042 bps; about 50% of the 
chloramphenicol-sensitive clones also contained the deleted uvrAB gene. Two clones of the 
uvrAB deleted strains derived from DP-L4056, DP-L4017, and DP-L4029 w^ere selected for 
further characterization. Glycerol stocks (30 overnight culture diluted 1: 1 with sterile 
1^/40% glycerol) were made for each wrAB mutant strain and stored at -80 °C. These 
strains are kxxown as shown in Table 10. JX^lMfl9uvrAB (actA/uvrAB) was deposited 
with ATCC on October 3, 2003, assigned PTA-5563. 
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Table 10. wnlB mutant Lw^er/a strains generated by alleUc exchan 



uvrAB mutant Listeria strain 


Parent Listeria Strain 


lM56luvrAB clone 1 


DP-L4056 


IA0561uvkAB clone 2 


DP- 14056 


lAOnluvrAB clone 1 


DP-L4017 


L4017/tflw^ clone 2 


DP-L4ai7 


IA029luvr.AB clone 1 


DP-L«>29 


L4029/Mvr^ clone 2 


DP- 14029 



[01791 To demonstrate the increased sensitivity to attenuation with S-59 psoralen 

and UVA light, a preparation of 1 x 10^ CFU of the uvrAB mutant JListeria strains shown in 
Table 10 were treated eiflier with 2, 20, 100 and 500 nM S-59 (both clones of L4017/«vr^ 
andI>4056/uvriiB) or 2, 10, 20, and 100 nM S-59 (clone^l of L401 7/Mvr4B and both clones * 
oilA029luvrAS), UVA inadiated at a dose of 6 J/cm^(FX1019X a±id tested for viabiHty by 
plating dilutions on BHI plates, exactly as described in Exanople 1 . The results of tfiis 
study are shown in Table 1 1 (log attenuation as a function of S-59 dose) and Figure 
8A-B (Jog titer remaining as a function of S-59 dose). The results demonstrate clearly that 
the DNA NER repair mutant strains shown in Table 10 were dramatically more susceptible 
to photochemical attenuation with psoralen and UVA irradiation, as compared to the parent 
strains. This data provides uixequivocal evidence that significantly and substantially lower 
levels of S-59 psoiBlen can be used to inactivate wrAB mutant bacteria to the same extend 
as coxopared to their isogenic counterpart 



Table 1 1 A. Log attenuation of Listeria monocytogenes strains after irradiation 
(6 J/cm2 UVA> at indicated S-59 concentration. 







Log attenuation of Listeria monocytogenes 




0Z3MS-59 
Log titer 


i 

2 


S-S9concen 
20 


tFELtion (nM^ 
100 


500 


Listeria strain 


DP-M017 


7.81 


0.66 


2.58 


>6.81 


>6.81 


L4017/mwv1B clone 1 


7.67 


1.82 


>6.67 


>6.67 


>6.67 


L!W17/«wvlBclone2 


7.68 


. 1.96 


>6.68 


>6.68 


>6.68 


DP-L4056 


8.36 


1.18 


3.1p 


>6.36 


>6.36 


lA056/uwAB clone 1 


7.65 


2.04 


>6.65 


>6.65 


>6.65 
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L4056/uvrAB clone 2 


• 7.84 


1.96 


>6.84 


>6.84 


>6.84 



Table 1 IB. Log attenuation of Listeria monocytogenes strains after irradiation 
(6 J/cm2 UVA) at indicated S-59 concentratioa. 







Log attenuation oi Listeria monocytogenes 




OnMS-59 


S-59 concentration (uM) 


Listeria strain 


Log titer 


2 


. 10 


20 


100 


DP-L4017 


8.62 


0.56 


0.97 


2.33 


>7.62 


IMin/uvrAB clone 1 


8.67 


L09 


4.44 


>7.67 


>7.67 


DP-L4029 


8.68 


0.48 


LIO 


2.98 


>7.68 


lM29/uvrAB'cloae 1 


8.59 


1.78 


5.99 


>7.59 


>7.59 


LA029/uvrAB clone 2 


8.63 


1.50 


6.60 


>7.63 


>7.63 



[0180] lie uvrAB nnutant strains can be used direcdy as a parent strain in which to 

incorporate CTipression cassettes encoding heterologous antigens relevant to malignant or to 
infectious disease. In fliis configuration, following photochenucal attenuation with S-S9 
and UVA light, the bacterium retains its ability to program MHC class I-restricted 
responses, because while the ability to replicate its DNA has been abrogated via cross- 
linking, the ability to e^qpiess its genetic complement remams essentially intact. 
Furfhennore, as a result of the requirement of significantly fewer DNA cross-lioks to 
inactivate uvrAB mutants, itx the context of the population of bacterial genomes comprising 
a vaccine dose, the expression of any one gene will not be significantly affected, due to the 
low level of DNA crosslinkmg resulting in essentially no intemxption of esipression, at that 
given gene. Finally, the uvkAB mutation can be combined with any other attenuating 
mutation(s), in order to derive a safe and efficacious vaccine platfonn combining both 
photochemical and genetic attenuation. In the composition described herein, the uvrA^ 
uvrBj or uvrC genes, or any JListeria gene involved in NER, aloixe, or in any combination, 
can be mutated such that a functional form of the protein is not expressed. These 
compositions can be used as an approach for deriving a safe and efficacious vaccine 
derived from a selected bacterial pathogen, in order to protect ag:ainst challenge with the 
wild-type pathogen in vaccinated individuals. Alternatively, these compositions can be 
used as an approach for deriving a safe and efficacious recombinant vaccine platfonn for 
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the expression of heterologous antigens relevant to any selected infectious or naalignant 
disease. 

EXAMPLES 

Insertion of antigen expression cassettes into the genomes of selected Listeria strains by 
allelic exchange or by a site-specific integration vector 

(0181J The strains described in Example 7, ajiy selected Listeria strain, or any 

bacterial strain, can be modified further to express a lieterologous protein or an^gen 
relevant to malignant or infectious disease. Expression of the heterologous pro-tein can be 
via a plasmid containing a replicon that is compatible with the selected host bacterium so 
that the plasmid is stably main t ain e d. Alternatively, a prokaryotic expression c^sette can 
be integrated stably ixito the genome of the host bacterium using a variety of methods, 
including allelic exchange as described in Example 7, or with vectors that integrote 
randomly or site-specifically, that are derived from selected transposons or bactieriophage. 
[0182] As an example, the derivation of recombinant Listeria monocytogenes 

derived fi-om tlxe uvrAB nucleotide excision repair (NTER) mutant strains described in 
Example 7, by utilizing a site-specific integration vector known as pPL2, whicb. is derived 
from the listeriophage PSA (Phage from ScottA), is described here [Lauer et aL., J. 
Bacteriol. 184:4177-4186 (2002)]. Specifically, the pPL2 integration vector is engineered 
to express the cldcken ovalbumin (OVA) model antigen as a fiision partner witfci the amino- 
tenninal half of the Listeriolysin O (LLO) protein that includes the secretion signal and 
PEST sequence [Decatur and Portnoy, Science 290:992-995 (2000)], but lacking hemolysin 
activity, that is fused in-frame with OVA. Expression af the truncated LLO-OVA fiision 
protein is driven, by the hfy promoter, which is a pr£A.-dependent promoter that dhives the 
expression of Zrz^tena virulence genes, including LLO. This vector is known as. 
pPL2/LLOss-PEST-OVA. The pPL2 vector integrates within the fRNA^ gme Listeria in 
such a manner that the native sequence of the tRNA gene is restored iipon successful 
integration, thus keeping its native expressed fimctioo intact. 

[0183] The first step in the construction of pPX2/LLOs9.FEsr-OVA is to amplify the 

hly promoter aad LLOss-pest sequence together from I5P-L4056 wild-type Liste^a genomic 
DNA, by PGR iising the primer pair of forward primer JKjpnl-LlJO nts. 1257-12Z6 (SEQ ID 
NO: 12) and reverse primer J(7io/-LL01665R (SEQ ID NO:13). The 426 bp amplicon is 
purified with GeneClean, digested with Kpnl and Xhol, and ligated into pPL2 plasmid, 
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which is prepared by digesting with Kpnl and Xhol, treatment with calf iatestinal alkaline 
phosphatase (CIAP), and purified with GeneClean. Correct plasmids containing the LLOss. 
PEST sequence are verified by digesting with Kpnl and Xhol and 1 ^ agarose/TAE 
electrophoresis, yielding DNA. fragments of 4 1 8 bps and 6112 bps . This intermediate 
plasmid DNA construct is known as pPL2/LLOss-pEST- 

[0184] The OVA sequence can be amplified by PGR from any number of plasmids 

that are used by those in the art, including pDP3616 plasmid DNA. fit)m DP-E3616 E. coli 
[Higgins et al., Mol. MolbioL 3 1 : 163 1-1641 (1999)], using the primer pair of forward 
primer JKo/- Ncol OVA cDNA. nts. 174-186 (SEQ ID NO: 14) ancJ reverse primer ;ao/- 
Notl-Hifidin (SEQ ID NO:l5)- 

[0185] The 1013 bp anaplicon is purified with GeneClean, digested with Xhol and 

NotI, and ligated into pFL2/LLOss-pest plasmid, prepared by digesting with Xhol and NoH, 
tiealxhent with CIAP; and purified witfarGeneGlean. The correct plasmid construct 
containing the LLOss-pest and OVA sequence is verified by digesting with Kpnl, Xhol, and 
NotI and 1% agarose/TAE eleotrophoresis, yielding DNA fi:agnie3ats of 994 bps, 1560 bps, 
and 6039 bps. The precise Gxpeoted sequence of the LLO and OVA regions of plasmid 
pPL2/LLOs8-PEsrOVA is confiLrmed by sequencing. 

[0186] The pPL2/LLOss.PEST-OVA plasmid is incorporated into the tRNA"^ gene in 

the genome of sel^ied Idsteria nvrAB mutant strains described in. Example 7» exactly 
according to the methods as described previously [Lauer et al., J. IBacteriol. 184, 4177- 
4186 (2002)]. Briefly, the plasmid pPL2/LLOss.pEsrOVA is first introduced into the E. 
aoli host strain SMIO (Simon et. al., Bio/Technology 1:784-791 (1 983)] by electroporation 
or by chemical means. Subsequently, the pPL2/LL0ss-PEST-0VA plasmid is transferred 
firom transformed SMIO to the selected Listeria strains by conjuga.tion. Following 
incubation on drug-selective BUI agar plates containing 7.5 jig of chloramphenicol per ml 
and 200 ^g of streptomycin per ml as described, selected colonies are purified by passaging 
3 times on plates with flie same composition. To verify integratioxa of tiie pPL2 vector at 
the phage attachment site, individual colonies are picked and screened by PGR using the 
primer pair of forward primer 1SIC16 (SEQ ID NO:16) and reverse primer PL95 (SEQ ID 
NO:17). Selected colonies having the pPL2/IJLOssj»EsrOVA plasmid incorporated into the 
tRNA^ gene in the genome of selected Listeria wrAB mutant strains will yield a 
diagnostic DNA ampUcon of 499 bps. 
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(0187] The ability of the recombinant Listeria uvrAB mutants hairboring a stable 

integrant of pPL2/LLOss.pEST-OVA to be taken up by antigen presenting cells and 
subsequently program presentation of OVA via the MHC class I pathway is tested, using 
the cloned C57Bl/6-derived dendritic cell line DC2.4, as described m Example 1. 
Presentation of OVA peptide by DC2.4 cells on class I molecules following phagocytosis 
of Listeria is measured after incubation with B3Z cells, also as described in Example 1. 
These procedures verify tiiat the recombinant Listeria strains are functioixal, and can be 
used further as described in the Examples contained herein. 

[0188] Thus, this example provides instructions for introducing a prokaryotic 

expression cassette encoding any desirable antigen(s) related to selected ixifectious and 
malignant diseases into DNA repair mutant Listeria strains containing a deletion within the 
uvrAJB gene. The said recombinant Listeria strains can be inactivated by treatment with 
psoralens as described in Example 1 and can be used subsequently for a variet^f 
applications, including, for example, propliylactic and therapeutic vaccines for infectious 
and malignant disease. 

EXAMPLE 9 

Bacterial Vaccines derived firom nucleotide-excision repair Q^R^ mutants 

(0189J The examples described in this patent illustrate the efScacy of vaccine 

compositions utilizing genomic inactivatioxi through photochemical treatnxent of the 
reconibinant delivery platform encoding antigens related to infectious and analignant 
disease. According to this composition, wliile the genomes are inactivated and cannot 
sepaxa.te during replication^ the transcriptioiial profile remains largely intaot, thus resulting 
in antigen expression de novo in the vaccinated individual, and optimal indniction of 
pathogen-specific iromune responses, inclu-ding CD8+ cytotoxic T cells (CTL). 
Furthermore, as described in Example 7, by utilizing a vaccine platform in this composition 
in which the DNA nucleotide excision repair (NER) machinery has been inactivated by any 
number of means, including by engineered genetic deletion, the sensitivity -to 
photochemical inactivation in these mutants is dramatically increased. 
[0190] As a result of the requiremeiat of significantly fewer DNA cross-links to 

inactivate the DNA repair mutants, in the context of the population of bacterial genomes 
comprising a vaccine dose, the ej^ression of any one gene will not be signifcantly 
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afifected, due to the low level of DNA crosslinlcing resulting in essentially no intenuption 
of expression, at that given gene. 

[0191] Thus, the overall utility of geae-based vaccines utilizing bacterial platforms 

derived from pathogens can be increased dramatically by combining photochemical 
inactivation with a vector defective in NER, WTiile the inactivated vaccine caxmot caaise 
disease, it still retains its efficient ability to induce potent immunity, including T-cell 
mediated cellular immunity, specific for the vector-expressed heterologous antigens. 
Furthermore, the uvrAB mutation can be combined with any other attenuating mutation(s), 
in order to derive a safe and efBcacious vaccine platform combining both photocheniical 
and genetic attenuation. 

[0192] Significantly, these compositions can be used as an approach for deriving a 

safe and efficacious vaccine derived from a selected bacterial pathogen, in order to protect 
against challenge with the wild-type pathogen io. vaccinated-individuals. According t:o-this 
application, it is not feasible in many cases to derive a safe and efficacious vaccine that is 
derived from an attenuated viable form of the pa.thogen, as the possibihty for reactivity and 
disease pathogenesis in particular individuals reoeiving the vaccine remain high. While 
subunit or inactivated vaccines related to a selected bacterial pathogen might be safe, on the 
other hand, these vaccines are often not efiScacions because they do not efficiently eUoit the 
breadth, depth, and durability of pathogen-specific immune responses that are requirecJ to 
protect the vaccinated individual against challenge with the wild-type fomi of the said 
pathogen. Thus, it is well known in the art that tbere is a clear need for vaccine 
conjqpositions that combine safety with an elKciexit ability to elicit the type of immune 
responses in vaccinated individuals that are protective. 

[0193] As such, mutants in the nucleotide?-excision repair (NER) pathway of 

pathogenic microbes provide a composition that oan be used for safe and efficacious 
vaccines that elicit protection against challenge id immunized individuals with amounts of 
the said microbe that are sufficient to cause disease in non-vaccinated individuals. NEIt is 
catalyzed by an ATP-dependent nuclease made of three subunits, known as the ABC 
excinuclease^ and encoded by the genes uvrAj uvrrBy and uvrC. Mutations in any one or* 
more than one of the three uvr genes results in cells, including microbes of pathogenic 
organisms, extremely sensitive to photochemical inactivation utilizing psoralens and ITVA 
light 

[0194] As an example, mutation of the uvr- genes of Bacillus anthracis (B, 

anthracis), the etiological agent of Anthrax, is provided. The current acellular anthrax 
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vaccines that are licensed for human use are based on sterile culture supematants of 
attenuated B. anthracis adsorbed on alurta hydroxide (U.S. vaccine), or precipitated with 
alum phosphate (U.K, vaccine). It is well known that these vaccines are rather weak, 
requiring at least six immunizations for protection as well as annual boosters. 
(0195] In the composition described herein, the uvrA, uvrB^ or uvrC genes, or any 

A anthracis gene involved in NER, aloae, or in any combination, is mutated such, that a 
fonctional form of the protein is not expressed. 

[0196] As an example, mutation in the uvrA, uvrB^ or uvrC genes, or any J3. 

anthracis gene involved in NER, can be performed, for example, by allelic exchange, as 
described in Example 7. While the uvr genes of B. anthracis have not been identified 
fhrough targeted deletion and characterization of the pheno types of the resulting rtautant 
straias, the uvr genes can be identified through a homology search with the genortaes of 
related organisms in whose wr genes are known. For example, the genome of 5. 
anthrcicis^ that is, the main chromosome and the two virulence plasmids can be compared 
with 'Bacillus Subtilis {B, Subtilis% a lelated bacterium from the same genera as B, 
anthracis. The genomic scaffold representing the main chromosome of the Florida B. 
anthracis isolate (Read et. al. 2002. Science 296, 2028-2033) has a GenBank accession 
number of AAACX)10000001. B. subtilis has a GenBank accession number of NC_000964. 
The B. subtiUs uvrA gene encompasses nts, 3609064 to 361 1997, and the B, subtilis uvrB 
gene encompasses nts. 3612005-3613990 . A BLAST search was performed using the B. 
subtilis uvrA and uvrB coding sequences against the B. anthracis sequence. This analysis 
identiLfied a region of 72% sequence identity in the genome of B. anthracis that coxresponds 
to the tivrA and uvrB genes of this oiganism. The B. anthracis uvrA gene maps from 
22602 1-228783, and bears 72% sequence homology to the B. subtilis uvrA gene 
.(2082/2867 identical sequence homology alignment)^ The A anthracis uvrB gm^ maps 
fiom 228864-230771, and bears 72% sequence homology to the B. subtilis uvrB gene 
(1401/1925 identical sequence homology alignment); Thus, the B, anthracis wrjt4£ genes 
include nts. 226021 to 230771 of Ihe main chromosome of A anthracis. 
[0197] Deletion of the B. anthracis uvrAB genes, including nts. 226021 to 230771 

of the main bacterial chromosome can be accomplished according to the methods described 
in Example 7 for the deletion of uvrAB genes in L. monocytogenes. Briefly, this region and 
approximately 1000 bps both upstream and downstream of the B. anthracis genomie are 
amplified by PGR, and subsequently cloaed into the pKS V7 allelic exchange plasmid 
vector. As an alternative, a Bacillus genexa-specific or B. anthracis^-speciGo tem.perature- 
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sensitive (te) replicon may be substituted for the Listeria is replicon present in the pKSV7 
allelic exchange plasmid vector. Using convenient restriction endonuclease recognition 
sites mapping specifically within tite uvrAB region, any part of th.e uvrA^ uvrB^ or all of the 
ux^rAB genes sequence are deleted. Finally, the allelic exchange plasmid is introduced into 
B. anthracis and NER mutants are selected as described in Example 7. Any selected 5. 
anthracis strain can be used as a parent strain for derivation of the NER-defective vaccine, 
including, for example, the following strains: Ames, Vollum, Al . a/1 0, Al .b/23, A2/29, 
A3.a/34, A3.b/57, A4/69, B/80, Asteme, VN41A1, Dames, NNRL Al, and DNHl. 
Additionally, other attenuating mutations can be incorporated into the genome of the 
selected NER mutant B. anthracis strain, to enable vaccine compositions combining 
photochemical with genetic inactivation. Such B, anthracis vaccine compositions are able 
to induce immtme responses against known correlates of anthrax immunity and protection, 
including lethfd factor (LF),edenia factor (EF), and protective an^gen (PA), Additionally, 
as a result that the expression profile of the NER mutant vaccine composition remains 
intact, immxme responses against other unknown correlates of antzhrax immunity and 
protection, including those expressed from the two virulence plasmids pXOl and pX02 
and the main chromosome are also induced. 

[0198] The compositions described herein, using B. anthrxicis as an example 

utilizing NER mutants as a compojnent of vaccine, can be used in either a prophylactic or a 
itxempeutic immunization setting against all three types of anthrax according to the route of 
infection, including cutaneoiis, gastrointestinal and respiratory. Furthermore it can be 
appreciated that the approach for generating NER mutants of 5. cznthracis to derive a safe 
and efBcacious vaccine can be adopted to derive safe and ef&caclous vaccines for any 
microbial pathogen that utilizes NHR. 

EXAMPLE 10 

Use of vaccines of the invention for the in vivo treatment of himian cancers. 

[0199] As an example of tbie treatment or prevention of a liimian cancer, a vaccine 

comprising a microbial population in which the microbial nucleic acid is modified so that 
tbe proliferation of the microbial population is attenuated, wherein the microbial gene 
expression is substantially unaffected, is administered to an individual. The microbe can be 
prepared following the protocols of examples 7 and 8, wherein axay desired prokaiyotic 
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expression cassettes encoding human tumor antigen(s) are incorporated into the microbe, 
by utilizing, for example the pPL2 integration vector described in Example 8, or any 
modifications thereof, or by any methods that are comomon to those in the art. The resultittg 
population may be foimulated in crude, or preferably purified form. They may be prepared 
as a liquid suspension or may be fireeze-dried and resuspended in a suitable carrier for 
administration. In addition, they may be formulated ^th additives such as preservatives 
(e.g. thimerosal, l-phenoxy etiianol), stabilizers (e.g. lactose, monosodium glutamate), 
adjuvants (e.g. aluminum hydroxide, aluminum phosphate, cytokines), antibiotics (e.g. 
neomycin, streptomycin) or other substances. Fonnulations may be resuspended or diluted- 
in a suitable diluent such as sterile water, saline, isotonic buffered saline (e.g. phosphate 
buffered to physiological pH), or other suitable diluent. 

[0200] The vaccine may be administered by a variety of routes, including oral, 

nasal, intraveneous, intradermal, intraperitoneal, intramuscular, intralymphatic and 
subcutaneous routes, as well as by any route diat is relevant for any given malignant or 
infectious disease. An effective amount of the vaccine will be administered to an 
individual for treatmetLt. For a therapeutic treatment, an effective amount is a dose that wilL 
result in the desired immune response, wherein the immxme response either slows the 
growth of the targeted tumors, reduces the size of the tumors, or preferably eliminates the 
tumors completely. Th.e administration of the vaccine may be repeated at appropriate 
intervals, and may be administered simultaneously at multiple distinct sites in the 
vaccinated individual. Por the prophylactic treatment an effective amount is a dose that 
will result in a protective inounune response such tiiat the likelihood of an individual to 
develop the cancer is significantly reduced. The vaccination regimen may be comprised of 
a single dose, or may be repeated at suitable intervals until a protective immime response is 
established. 

[0201] The therapeutic treatment of an individtial may be started on an individual 

who has been diagnosed with a cancer as an initial treatment, or may be used in 
combination with other treatments. For example, individuals who have had tumors 
surgically removed or vtrlio have been treated with radiation therapy or by chemotherapy 
may be treated with the vaccine in order to reduce or eliminate any residual tumors in flie 
individual, or to reduce the risk of a recurrence of the cancer. The prophylactic treatment 
of an individual would be started on an individual who Ihas an increased risk of contracting 
certain .cancers, either due to environmental conditions or genetic predisposition. 
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EXAMPLE 1 1 

Antigen presentation of Listeria strain DP-L4029 with and witbout uvrAB mutatioja 
following S-59 psoralea UVA treatment. 

[0202] The Listeria strain DP-L4029 uvrAB mutant clone 1 of Example 7 was 

modified to express the OVA antigen using the procediire of Example 8. This strain aod 
DP-L4029 modified to express OVA were treated with the psoralen S-59 at various 
concentrations. The Listeria strains were grown o\remight at 37 ^'C and a 2 mL aliquot: was 
diluted into 100 mL of BHI and grown approximately 4 hours at 37 to an OD600 of* 0.5 
(approximately 1 x 10^ CFU/mL). A 5 mL aliquot af^dLoh Listeria strain was added to a 15 
mL tube and centrifuged for 20 minutes at 2300 x g, the supernatant removed, and the 
bacteria resuspended in 5 mL of PBS resulting in approximately 1 x 10^ CFU/mL. For the 
uvrAB mutant strain, 3 mM S-59 stock was diluted 33.3 |liL to 10 mL PBS to give a 10 pM 
solution, and appropriate aliquots of this was added, to the Listeria to final concentrations of 
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 nM, while for the DP-L4029, S-59 was added to 
final concentrations of 100, 200, 400, 800, and 100 O nM in a final voliune of 5 mL. Tliese 
were transferred to a 6 well culture plate and irradiated for a dose of 0.5 J/cm^ (FXlOl 9 
UVA device). The samples were transfenred to 1 5 mL tubes, 5 mL PBS was added, aod 
they were centrifuged for 20 minutes at 2300 x g to wash out unreacted psoralen. The 
supernatant was removed and the bacteria resuspetLded in 5 mL PBS and transferred to new 
6 well plates. Tliese were irradiated at a UVA dose of 5.5 J/cm^ in order to convert 
psoralen monoadducts to crosslinks. A sample of &2s:Ax Listeria strain was also heat killed 
by treating at 72 for 3 hours. The log titer and OVA antigen presentation were assessed 
as per Example 1 , The results for the S-59 treated samples are found in Table 12A and 
Figures 9A and 9B (antigen presentation at 1 Lister^ia per DC 2.4 cell, calculated without 
subtracting backgroxmd levels). The results for botii heat killed strains showed a titer 
below the limit of detection (complete inactivatioo.) and the heat killed bacteria did not 
present OVA antigen in the B3Z assay. The results indicate that the uvrAB mutant shows 
very strong antigen presentation even with attenuation of proliferation to the limit of 
detection where the non uvrAB mutant strain shows a greater reduction iu the antigen 
presentation as a function of attenuation of prolifeiration (to approximately background 
levels with essentially complete inactivation). Thi^ demonstrates that the uvrAB mutant 
retains MHC class I presentation in the context of psoralen attenuated Listeria and should 
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provide a vaccine with an eflFective immune response and significantly incmased level of 
safety. 

Table 12A Log attenuation and OVA antigen presentation of Listeria s-trains UVA 
treated with varying concentrations of psoralen S-59. 





Log attenuation. 


% OVA antigen presented* 


[S-59] 


DP-L4029- 


DP-X4029 


DP-L4029- 




qM 


OVA 


uvrAJB-OWA 


OVA 




10 




2.47 




OH 


20 




3.93 




Sid 


30 . 




5.28 




/O 


40 




S.44 




/o 


50 




6,92 




oo 


60 




>7.62 


i = 


84 


70 




>7.62 




84 


80 




>7.62 




88 


90 




>7.62 




92 


100 


3.85 


>7.62 


50 


92 


200 


5.48 




47 




400 


6.78 




19 




800 


>7.78 




13 




1000 


>7.78 




13 





[0203] .Anoflier study was done using fhe same strains. In this study the Listeria 

were grown in BHI at 37 overnight These were diluted 1 :50 into BHI and grown at 37 
®C at 300 ipm to an ODgoo of 0.5, at which point 50 mL of solution was trarisferred to a 
clean flask and S-59 was added to the levels indicated in Table 12B. These samples were 
incubated at 37 **C at 300 ipm for approxima.tely 1 hour (OD600 appioxhnately 1 .0, 
approximately 1 x lO'/mL). A 1 mL aliquot was removed to assess the titer and the 
remaining was transferred to a 150 mm Petri, dish and irradiated at a dose of 6 J/cm^ 
(FX1019). The titer post irradiation was determined for each sample and thie OVA antigen 
presentation was assessed as above. The results are found in Table 12B and Figures 9C 
and 9D (antigen presentation at 10 Listeria per DC 2.4 cell, calculated without subtracting 
background levels). The results indicate that for the parent strain, the antigen presentation 
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is at background levels where there is esseatially complete inactivation whereas for the 
uvrAB mutant, there is an approximately 10-fold range of S-59 concentration over which 
there is essentially complete inactivation along with adequate antigen presentation. 
Table 12B Log attenuation and OVA aixtigen presentation of Listeria strains UVA 

treated with varying concentxations of psoralen S-59 present during growth 

of the bacteria. 





Log attenuation 


% OVA antigea presented* 


[S-59] 


DP-L4029- 


DP-X4029 


DP-L4029- 


DP-L4029 


uM 


OVA 


uvrA25-OVA 


OVA 


uvrAB-OVA 


0.025 




3 64 




91 


0.05 




5 70 




86 


0,1 




>8.10 




87 


0.2 




>8.10 


TTT 


86 


025 


2 00 ' 




50 




0.4 




>8.10 




74 


0.5 


5.28 




31 




0.8 




>8.10 




50 


1.0 


7.57 




14 




1.6 




>8.10 




35 


2.0 


>8.38 




11 




32 




>8.10 




16 


4.0 


>8.38 




10 




6.4 




>8.10 




11 


8.0 


>8.38 




10 




16.0 


>8.38 




11 





* As percent of untreated, measured at 10 Listeria per DC 2.4 cell, 



EXAMPLE 12 

Protein synthesis in S-59/UVA treated Listeria monocytogenes DP-L4029 compared to DP- 

L4029 uvrAB. 



[0204] Listeria monocytogenes DP-L4029 and DP-L4029Mvr45 were grown in BHI 

at 37 ""C overnight These were diluted 1 :50 into BHI and grown at 37 °C at: 300 rpm to an 
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OD600 of 0.5, at which point 50 mL of solution was transferred to a clean flask and S-59 
was added to a level of 2500 nM for the 4029 and 200 nM for the 4029 uvrAB mutant 
strain. These samples were incubated at 37 at 300 rpm for approximately 1 hour 
(OD600 approximately 1.0). A 1 mL aliquot was removed to assess the titer and the 
remaining was transferred to a 1 5 0 mm Petri dish and irradiated at a dose of 6 J/cm^ 
(FX1019). The titer post imdiation was determined for each sample to assess the level of 
inactivation, resulting in essentially complete inactivation. It has been determined that this 
treatment is approximately the lowest S-59 dose that provides inactivation to the limit of 
detection for both strains. For each strain, 1x10^^ bacteria, based on the ODm vs. titer 
CFU/mL growth curve, was transferred to a 1 5 mL centrifuge tube. The sample was 
centrifuged at 4 °C for 20 minutes at 2300 x g, the supernatant removed and the pellet 
washed with 50 mL of PBS. This was repeated for a total of three washes. The final pellet 
was suspended in 2 mL of DMEM without methionine or cysteine (Gibco) and incubated at 
3 7 °C in 5% CCh incubater with shaking for 30 minutes. The samples were centrifuged in 
2 mL centrifuge tube& at 1600 rpm for 2 minutes, the siq)ematant removed and 2 mL of 
DMEM without methionine or cysteine was added. An 80 p.Ci aliquot of ^^S methionine- 
cysteine was added (Peikin Elmer Life Sciences) and the saa:q)le inculcated at 37 °C in 5% 
CO2 incubater with shaking for 30 minutes. The samples were centrifuged as above and 
the supernatant removed. A SO liL aliquot of each supernatant were loaded in adjacent 
lanes onto an SDS-PAGE gel (Lavitrogen, NuPage 4-12% Bis-Tris gel) and run at 100 volts 
for approximately 1.5 hours. The gel was fixed with 10% acetic acid and 30% etibanol, 
then soaked in enhancer (Enlightning, NEN Life Sciences) for 15 miirutes. The gel was 
dxied for 3 hours at 80 and the bands visualized by exposure to X-ray film. The results 
for two studies are shown in Figuxe 10, indicating considerable protein synthesis in the 
in^rAB mutant strain while the parent strain shows limited protein syntSiesis. 

EXAMPLE 13 

Comparison of S-59/UVA inactivation with or without S-59 present during growth of 

Listeria. 

[O20S] Two inactivation methods were compared with respect to inactivation of 

Listeria monocytogenes strains. £n the first method, the Listeria was grown in BHI at 37 °C 
at 300 rpm overnight, then diluted 1:50 into BHI and grown at 37 °C at 300 rpm to an 
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ODfioo of 0.7-1.00, These were centrifoged and suspended in PBS with 1% BSA to a level 
of 1 X lO^/mL. S-59 was added to a level of 120 nM for thte parent strain and 30 nM for the 
uvrAB mutant strain. The samples were incubated on ice for approximately 60 minutes, 
tfien transferred to a 150 mm Petri dish and irradiated at a doseof 6 J/cm^(FX1019). In the 
second method, the Listeria was similarly grown to an OE>600 of 0.5, at which point 50 mL 
of solution was transfeired to a clean flask and S-59 was added to a level of 2500 nM for 
the parent strain and 200 nM for the uvrAB mutant strain. These samples were incubated af: 
37 °C at 300 ipm for approximately 1 hour (ODsoo approximately 1.0, approximately 1 x 
10^/mL). A 1 mL aliquot was removed to assess flie titer and the remaining was transfeired 
to a 1 50 mm Petri disii and irradiated as per the first method. The titer post irradiation was 
determined for each sample, resulting m essentially complete inhibition of prohferation for 
all samples (>8 log inactivated). In a study done with DP-3L4029 vs. D?-IA029uvrAB, the 
entire sample containing approximately 1 x lO" bacteria treated-by the second method, the 
entire sample was plated, indicating approximately 9 log kill for the parent stram and >10 
log kill for the uvrAB mutant. The results on four dijBfeient: preparations of Listeria are 
given in Table 13. 

Table 1 3 Inactivation of Listeria monocytogenes act/^^ and actA'uvrAB' with S- 
59/UV A, measurement of entire sample to assess log titer inactivation. 





Batch 


Titer treated 


Residual colonies 


Log inactivation 


actA- 
2.5 nM S-59 
6J/cm^ 


1 


1.0x10" 


lOO 


9 


2 


1.1 X 10". 


2:8 


9.6 


3 


1.1x10" 


2O0 


8.7 


4 


1.1x10" 


ISO 


8.8 


actA-uvrAff 
200 nM S-59 


1 


1.0x10" 


O 


11 


2 


1.1 X 10" 


11 


10 


3 


1.1x10" 


O 


11 


4 


1.1 X 10" 


L 


11 



[0206] In one study, the two methods were conq)ared using Listeria monocytogenes 

DP-M029-OVAandIDP-I>W29wwvlB-OVA. Samples were prepared as above and were 
centrifuged for 20 minutes at 2300 x g, the supernatant renroved and the bacteria washed 
once with PBS. After centrifiiging and removing fhe PBS v^sh, the final peUet was 
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resuspended in 8 % DMSO in PBS, then quickly frozen in cryo-vials, either using liquid 
nitrogen or di-y ice, and stored at -80 ^'C. Sets of three mice (C57B1/6) were injected 
intraveneously with 1x10^ Listeria in 200 }iL {frozen stock diluted approximately 1 :40 
into HBSS). In addition to the S-59AJVA treated strains, injections were made with live 
and heat killed DP-L4029 uvrAB-OYA, as well as HBSS control. For the comparison of 
the two S-59 methods, mice were injected at day 0. For the samples prepared by the 
second method, additional sets of mice were iiijected again either on days 2 and 3 or on 
days 2, 3, 4, and 5. All mice were sacrificed on day 7 post vaccination and the spleens 
removed for analysis. The spleen cells were assessed for an OVA specific immuixe 
response by BLISPOT assay as described in Example 5, stimulating the cell population 
with SL8 (OVA specific). The results are shown in figure 1 1 Aj indicating that the Listeria 
prepared by titie second method, for both the parental strain and the uvrAB mutant, result in 
a more potmt^OVA specific immune response than for strains prepared by the first mefiiod. 
The ELISPOT assay was also done with stimulation using LLO class II antigen LILO190, 
or class I antigen LL0296. The ELISPOT results comparing all three antigens is shown in 
Figure 1 IB, indicating that the LLO specific CD 4^ re^onse is similar to the OVA. specific 
response. The spleen cells were also assessed by ICS as described in Exanq)le 5, 
stimulating with either SL8, LLO190, or LL0296. The results are shown in Figures 12A- 
C, indicating a. stronger immune response for botii OVA and LLO in the second method 
The data also demonstrates the improved re^oxise for the uvrAB strain over the parent 
straiiL Li botb strains, additioiialvaccmation oil successive days results in improved 
response to both OVA and ULO antigens (1 vs. 3 days). 

(02071 In another study, DP-L4029 and DP-L4029 uvrAB sttaios are assessed for 

their ability to provide protective immunity ag£unust a wild type challenge in mice. Balb/c 
mice were vaccinated in groins as described in Table 14 witii HBSS, DP-L40S6 w:ild type 
(+/- heat kaied), DP-L4027 (LLO deletion), DP-L4029 S-59/UVA treated (first and second 
methods as above), DP-L4029Kvr^ S-S9/UVA treated (first and second methods as 
above). Twexxty-seven days after the vaccination, three xnioo per groiQ) were challenged 
with 2xLDso and six mice per group with lOOxLDso of wild type Listeria monocytogenes. 
Three days post challenge, the mice challmiged with 2xLDso were sacrificed and ttxe spleen 
and liver were isolated and cultured for growth of Listeria. The spleen or liver froxn each 
mouse was homogenized in sterile distilled water with 0.5% Triton X-100 (Sigma> . Serial 
10-fold dilutions were plated on BHI agar plates containing streptomycin (SO ixg/inL) and 
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incubated at 37 overnight The number of colony forming units per spleen or liver was 
detennined as an indication of immunity to the wild type challenge. Figaxes 13 A3 show 
that S-59/UVA treated samples give approximately 3 log reduction in CFXT per organ 
compared to HBSS (non-vaccinated) controls, with the samples prepared "by the second 
method showing more reduction in CFU than those prepared with the firs-t: method. In 
addition, the treated ttvrAB mutant strain shows slighdy better CFU reduction than the 
treated parent strain. While the CFU redwtion is not as good as vaccination with wild 
typOy the S-S9/UVA treated strains show some efficacy for reduction in CIFU» which 
generally correlates with protective immunity. The six mice challenged with lOOxLDso 
were monitored for survival for ten days, ^th only the nodce vaccinated Tvith wild type 
Listeria surviving. 



Table 14 Dosing of Balb/c mice for assessment of protective immuixity comparing 
two S-59AJVA methods. . 



' Vaccine composition 


S-59 / 6 J/cm^ UVA Method 


Dose of vaccination'' 
(200MLIV) 


HBSS 






DP-L4056 




5x10* 


DP-L4027 




1x10" 


DP-L4029 


Method 1 (120 nM S-S9 in PBS) 


1x10' 


DP-L4029 


Method 2 (25 OO nM S-S9 in BET) 


1 X 10* 


DV-1^4Q29uvrAB 


Mefliod 1 (3 0 nM S-S9 in PBS) 


1x10" 


DV-lLA029uvrAB 


Method 2 (2O0 nM S-S9 in BHT) 


1x10" 


DP-L4056heatkiUed 




1x10" 



[O208] An additional study was done in Balb/c mice using HBSS, I>P-L40S6 wild 

type (+/- heat killed), DP-L4027 (LLO deletion), DP-L4406act4 {flcWinlB deletion double 
mutant deposited on October 3, 2003* ATCC number PTA-5562) DP-L4029 +S-59/UVA 
(second method), DP-L4029mwv45 +/- S-59/UVA treated (second method only) or + heat 
killed, where vaccination was done daily for 1, 3, or S days for S-S9 and tx.eat killed strains. 
The dosijag is summarized in Table 15. Twenty-nine days post the first V8iccination, tiiree 
mice from each group were challenged with 20x LD50, and six from each si'oup were 
challenged with lOOx LD50 of wild type Listeria monocytogenes. These noice were 
monitored for survival for ten da3rs. Thirty-two days post first vaccinatioci, three additional 
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mice from each group were challenged with IxLDso of wild type three days later 
sacrificed and the spleen and liver were isolated and cultured for growth of Listeria. In 
addition, the mti-Listeria antibody titer of the mice sera was assessed by doing an ELISA 
assay. Frozen, ffovmd Listeria in a sodiimi bicarbonate buffer wa-s plated and incubated 
with serum from the vaccinated mice with serial dilutions, then bound antibody was 
detected with goat anti-mouse antibody conjugated to HRP. An HRP substrate was added 
and the level of antibody determined by quantitatively measuring tbe color change. These 
were compared to naive mice to assess Listeria specific antibody, where a sample was 
considered positive for Listeria if greater than one standard deviation above the 
measurement of a naive serum sample. The CFU per spleen or liver results are shown in 
Figures 14A,B, the aaA-Listeria antibody titer is shown in Figure 15, and the survival 
results are shown in Figure 16. This study demonstrates good CFXJ reduction and 
protective immunity of the S-59 treated uvrAB strain with 3 or 5 v:accinations, approaching 
that of the imtreated mrAff strain, and is nearly as effective as the wild type strain. 
Table IS Dosing of Balb/c mice for assessment of protective immunity, multiple 



vaccinations with S-59AJVA treated strains. 



Vaccine conq>ositioii 


Tieatment 


Days A^cinated 


Dose of vaccination 
(200nLIV) 


HBSS 








DP-L4056 






5x 10^ 


r>P-L40S6]ieatkiUed 






1x10'' 


DP-L4029 


S-S9Me^d2 




IxIO* 


VP-L4029tivrAB 


S-S9Met]iod2 




1x10* 


DP-IA029uvrAB 


S-S9Metiiod2 


3 


1 X 10*(dayO) 
2x10' (day 2-3) 


DP-L4029«vr45 


S-59 Method 2 


5 


1 X 10'(day0) 
4x10' (day 2-5) 






1 


5x10" 


VP-IA029uvrAB 


Heat killed 


1 


1x10' 


DP-L4029iiwv45 


Heat killed 


3 


1 X 10''(dayO) 
2x10" (day 2-3) 


DP-IA(i29uvrAB 


Heat killed 


5 


1 X ltf'(dayO) 
4x10" (day 2-5) 
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DP-L4027 




1 


1x10" 


m-JA406acU 




1 


5 X 10' 



EXAMPLE 14 

Demonstration of breaking of immune tolerance using S-59/UVA treated strains in a mouse 

model. 



[0209] DP-L4029 and DP-L4029 uvrAB strains expressing Gp-70-AHl A5 and 

OVA were S-59AJVA treated according to the second method of Example 13. Gp-70 is ecu 
autologous mouse antigen that is expressed by CT-26 tuanor cells. The AHl A5 is a single 
base mutation of the natural sequence which has been shown to induce an immune response 
when expressed in live strains (AHl peptide is SPSYVYHQF (SEQ ID NO:20), AHl A5 
peptide is SPSYAYHQF (SEQ ID NO:21)). In a prophylactic immunization study, Balb/c 
ijaice were vaccinated intraveneously (100 jxL) in groups of 8 mice according to Table 16 ^ 
(day 7 post the fia^t set of vaccinations, 3 mice per group were sacrijSced and the spleens 
.harvested). At day 2 1 post initial vaccination, the remaining 5 mice per group were 
injected intraveneously with 1 x 10^ CT-26 colon epithelial tumor cells (ATCC) and 
monitored for survival. 

Table 16 Vaccine strains and treatment regimen. 



Group 


Vaccine strain 


Treatment 


Dosing day 


Dose per 
injection 


1 


HBSS control 




0, 14, 15 




2 


DP-L4029 




0, 14, 15 


1 X 10' 


3 


DP-L4029 AH1A5/OVA 




0, 14, 15 


1 X 10' 


4 


DP-L4029 AH1A5/OVA 


Heat killed 


0, 14 


3x10* 


5 


DP-L4029 AHl A5/OVA 


Heatldlled 


0, 1, 2, 14 


1x10' 


6 


DP-L4029 AH1A5/OVA 


S-59AJVA 


0,14 


3 X 10' 


7 


DP-M029 AHl A5/0VA 


S-59AJVA 


0.1,2, 14 


1 X 10' 


8 


DP-L4029 uvrAB ABIASIOVK 




0, 14, 15 


1 X 10' 


9 


DP-L4029 vtvrAB AHIAS/OVA 


Heat killed 


0,14 


SxlO" 


10 


DP-L4029 uvrAB AH1A5/OVA 


Heat killed 


0, 1, 2, 14 


1x10" 


11 


DP-U029 Mvr45 AH1A5/OVA 


S-59/UVA 


0, 14 


3x10' 


12 


DP-L4029 uvrAB ARIAS/OVA 


S-59/UVA 


0, 1, 2, 14 


1 X 10' 
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[0210] The T cell population of the harvested spleen cells was assessetd by ICS 

according to Example 5, using LL091, AHl, AH1/A5 peptides or P815 and CT26 cells 
(completely inactivated with 150 mM S-59 and 3 J/cm^ UVA) to stimulate the cells. The 
P815 cells serve as a negative control forCT26 whole cell stimulation, as the IP815 does 
not express gp70 antigen. The results are shown in Figure 17, indicating that the treated 
uvrAB mutants result in an AHl A5 or AHl specific response that can be improved with 
additional vaccinations. The cells were also assessed by ELISPOT assay according to 
Examples. Thecells were stimulated with either AHl A5 or AHl peptides. Xhe results are 
shown in Figure 18 A, B indicating an immune response to both the AHl AS and the AHl 
with the uvrAB mutant strains. 

EXAMPLE 15 

Therapeutic vaccination of mice using psoralen attenuated Listeria strains with uvrAB 

deletion. 

10211] Using C57B1/6 mice, B16.F10.MO5.10.H3 (OVA+, this is a suTjclone of the 

cells used in Example 4 which have increased tiomogeneity for OVA expression) 
melanoma tumor cells were injected into the mice (1 x 10^ in 100 ixL HBSS IV) to establish 
limg metastases. Listeria monocytogenes stairLS DP-L4029-OVA, DP-L4027-OVA, DP- 
L4038-OVA (actA/461T double mutant), and E>P-L4029wvr45-OVA were used for 
vaccinatmg groups of ten mice. The DP-IM29uvrAB-<yVA strain was used wdth and 
without S-S9 treatoaent (>8 log kill by first method of Example 13) and heat killed DP- 
L4029-OVA was used as a control along with HBSS only. The mice were vaccinated (100 
foL IV in HBSS) on day 3 post tumor implant wdth the dose given in Table 16. Thirty days 
post tumor imp]m% five nuce per group were sa.crificed and the lungs harveste<L The 
number of metastases per lung were counted. The remaining five mice per group were 
monitored for survival. The number of lung metastases and median survival days are 
indicated in Table 1 7. The lungs for the actA\ dctA OVA, and actA'uvrABT OVA S- 
S9/UV A treated and heat killed are shown in Figure 19A, number of lung met£tstases 
plotted in Figure 19B, and tiie survival is plotted m Figure 19C. This data shows fliat tiie S- 
S9/UVA treated uvrAB mutant can be administexed as a therapeutic vaccine^ lesulting in 
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significantly reduced lung metastases and extended survival compared to aon-yaccinated, 
heat killed control, or DP-L4029 without OVA. 

Table 17 Therapeutic vacciniation of mice in an OVA lung tumor model. 



Vaccine sttain 


Dose(CFU) 


Mean # of lung 
mets per lung 


Median survival 
days 


HBSS 




173 


34 


DP-L4029 


2xlO' 


81 


39 


DP-L4029-OVA 


2xlO^ 


3 


51 


DP-L4029-OVA heat kiUed 


IxlO'' 


250 


32 


DP-L4029Mvr^-OVA 


2xlO' 


3 


53 


DP-L4029«vr^-OVA 


2xlO^ 


4 


45 


DP-I>4029Mvr45-OVA (S-59) 


IxlO" 


11 


45 


DP-L4029Mvr4B-OVA (8-59) 


2xlO* 


134" ' " 


36 


DP-L4027-OVA 


2xlO' 


2 


48 


DP-L4038-OVA 




2xlO' 


52 


51 



EXAMPLE 16 

Therapeutic vaccination with S-59 mactivated Listeria strains expressing gp70 mouse 

antigen. 

[0212] Using Balb/c mice, CT26 tumor cells (which express AHl) modijBed to 

express a huinan antigen (the human antigen being irrelevant for this e]q}erixiient) were 
injected into the mice (2 x 10^ in 100 jiL IV in HBSS) to establish lung metastases. 
Listeria monocytogenes strams DP-L4029, DP-L4029-AH1 A5, DP-L4029tn^r45-AHl A5, 
and Dl?-lA406actA-AIllAS(actA/inlB dottble mutant) were used for vaccinating groups of 
thirteen mice. The AHl A5 strams also express the OVA antigen. TheDP-lL4029«vr4B- 
AHl A5 strain was used without treatment, heat killed, or S-59 treated (per second method 
of Example 1 3). The mice were vaccinated (100 |iL HBSS IV) beginning 4 days after the 
tumor implant according to Table 1 8. Niaaeteen days post tumor implant, three mice per 
group were sacrificed and the lungs harvested. The mmiber of metastases per lung were 
counted. The remaining ten mice per group were monitored fot survival. Tiie results for 
the lung metastases are shown m Figure 20A (lung pictures) and 20B (number of lung 
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metastases plotted) and survival is indicated in Table 18 and Figure 20C {AactA samples) 
and 20D (AactAMvrAB samples). The AH1A5 antigen is endogenous to the mice, such 
thtat any immunization effect would be breaking immune tolerance in the mice. The results 
indicate that the S-59 treated uvrAJB mutant strain is able to break toleraixce in the mice, 
resulting in significantly reduced lung metastases and extended survival. The therapeutic 
e£fect is improved when the vaccine is dosed over three days compared to a single 
vaccination (total dose delivered over three days is equal to the sijogle day). 



Table 1 8 Therapeutic vacciaation of mice using Listeria modified to express AHl AS. 



V accmanon s uam 


V accmauon Qays 


(CFU) 


Med 
Survival 
fdavs*) 


TT 

survivors 
day 43 








22 


0 


DP-L4029 


Day 4 


1x10' 


24 


0 " 


T\0 T AMO A Til A ^ 


j-zay H 


1 V 10' 




10 


DP-L4029-AH1A5 heat 
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21 
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Day 4, 5,6 


1x10" 
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Day4 
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3 
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Day 4, 5, 6 


1 X 10' 


23.5 


2 


DP-L4029«vr45-AHlA5 
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Day4 
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1 
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1 


DP-L4029«vri4B-AHlA5 
S-59/UVA 


Day 4 


3 X 10' 


31 


4 


E>P-L4029«vr^-AHlA5 
S-59/UVA 


Day 4, 5,6 


1 X 10' 


>43 . 


8 


DP-L4406ac/:4-AHlA5 


Day 4 


. 1x10' 


>43 


10 
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EXAMPLE 17 

Evaluation of S-59/UVA treated Listeria monocytogenes localizatioa in dendritic cells 

using fluorescence microscopy. 

[0213] The uptake atxd distribution of Listeria monocytogenes wdthin an antigen 

presenting cell was evaluated by fluorescence microscopy. The dendritic cell line DC 2.4 
was cultured on coverslips in a Petri dish at 5 x 10^ cells per dish in conaplete RPMI media, 
RPMI-1640 (Gibco) supplemented with 10% FBS (Hyclone), Ix Non-Essential Amino 
Acids (Cellgro), 5 x 10"^ I.U. Penecillin/5 x lO'^ \xg Streptomycin (Irvine Scientific), 2 mM 
L-glutamine (Irvine ScientijELc) and 1 nM Sodium Pyruvate (Sigma), arid incubated 
overnight at 37 (this could be done similarly with other cell lines, e.g . macrophage 
J774). Stationary phase cultures of Listeria strains (DP-L4056, DP-L4027 (LLO-) and DP- 
LA056uvrAB) were prepared by seeding 3 mL of BHI media with a bacterial colony and 
growing at 30 overoight. 

[0214] The oveniiglit cultures of Listeria were diluted 1 :20 in £^sh BHI media 

and stationaiy phase cultures at SC'C were grown to an ODgoo of 0.5-0.6. Approximately 1 . 
mL of the overnight cultures for the DP-L4056 and DP-lAOSGuvrAB strains were also heat 
killed at 72 **C for 3-4 hrs. Frozen stocks of psoralen inactivated DP-L4-056 and DP- 
LAOSSuvrAB Listeria^ piepared according to the second method of Bxa£i:q>le 13, were 
thawed and allowed to recover in stationaiy phase at 37^ C for 1 hr. Prior to infection, 
ODaoo readings of all Listeria preparations were obtained, the number of DC 2A cells per 
coversl^ were counted and IMultiplicity of Infection (MOI, number of bacteria per DC 2.4 
cell) for each strain weie calculated. Fresh log phase cultures west used to infect cells at an 
MOI of 5, heat-killed cultures were used at an MOI of 20 and S-59/UVA treated strains at 
an MOI of 10. 

[0215] The coverslips were transferred to a 24 well dish and washed 3 tunes witti 

RPMI lacking Pen/Strep and appropriate dilutions of the Listeria strains to give the desired 
MOI were incubated wifli the cells in Pen/Strep fiee media for 30 mins at 37*^ C. The 
coverslips were then washed 3 times with Pen/Strep free media and incubated at 37^ C for 
another 30 mins. At the end of the incubation, the coverslips were wasb.ed and incubated in 
media with SOfig/ml Gentamycin for 4 hrs at 37 **C. Coverslips were then washed in PBS 
and fixed in 3.5% formaldehyde^BS for 15 mins at room temperature. Post fixation, 
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coverslips were washed/penneablized with TBS-Tx buffer (25 mM Tris-HCl pH 8.0, 150 
mM NaCl, 0.1% Triton X-100) and blocked in 1 % BSA/TBS-Tx for 15 mins at room 
temperature. Coverslips were stained with Rabbit anti-Listeria O antigen anti-serum 
(Difco) for 30 minutes at room temperature and washed in TBS-Tx buffer. Samples weire 
then stained with Fluorescein labeled anti-rabbit secondary antibody (Vector Laboratories) 
and actin was stained with Rhodamine-Phalloidin (Molecular Probes). CoversUps were 
washed in TBS-Tx and mounted on slides in VectaShield+DAPI-hardset (Vector 
Laboratories) in order to stain for cell nuclei Slides were allowed to diy for at least 8 hrs 
and cells were visualized on a Nikon TE300-U inverted microscope. Images were taken 
using a CCD Hamamatsu C4742-95-12NR camera and analyzed using Image-Pro software 
from Phase 3 Imaging Systems. 

[0216] Three images were taken for each field; one using a UV-2E/C filter 

(CHROMA Technology Cdrp, visualizes DAPI/riuclei), a second with a HYQ TRTTC filter 
(CHROMA Technology Corp, visualizing actin) and a third using a B-1 A (HYQ-FITC) 
filter (CHROMA Technology Corp, visualizing Listeria). The three images were then 
merged to detemiine if staining for Listeria co-localizes with staining for actin. Listeria 
that were unable to escape the phagolysosome appear green while those that were able to 
escape into the cytosol were able to nucleate actin and therefore appeared yellow due to "the 
co-localization of actin (red) and Listeria (green). In order to quantitate the percentage of 
Listeria that was able to escape the lysosome, the total number of Listeria in the field were 
counted and the number of Listeria that appeared yellow were determined by coimting 
yeUow bacteria or by confirming the presence of the actin fix)m the rhodamine image (see 
Figure 2 1 A). The ixumber of Listeria that escaped the phagolysosome were divided by tfae 
total number of Listeria counted and the percentage of phagol}^osomal escape was 
calculated, as reported in Table 19 and represented in Figure 21B. The results indicate thuit 
the heat killed strains and the S-59AJVA treated wild type strain behave like the LLO" 
strain, i.e. can not escape the phagolysosome, while the uvrAB mutant that is S-59/UVA 
treated shows substantial ability to escape the pha.golysosome. 

Table 19 Percentage of Listeria escaping the phagolysosome for DP-L4056 (+/- S- 



59/UVA, heat kiUed), DP-L4027, and DP-L4056uvrAB (+/- S-59/UVA, 
heat killed). 



Listeria Strain 


Treatment 


Listeria 


Cytoplasmic 


% Phagolysosomal 






counted 


Listeria 


escape 
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DP-L4056 


none 


855 


521 


61 


DP-L4056 


Heat killed 


189 


0 


0 


DP-L4056 


S-59/UVA 


642 


1 


0.16 


DP-L4056 uvrAB 


none 


795 


470 


59 


DP-IA05 6 uvrAB 


HeatkiUed 


162 


0 


0 


DP-M056 uwAB 


S-59/UVA 


1047 


493 


46.^ 


DP-L4027 


none 


343 


5 


1.4 



EXAMPLE 18 

Visualization of S-59 UVA Ixeated Listeria monocytogenes uvrABT strams using Gxam 

stain. 

[0217] Wild-type and wrAJBT strains of Listeria monocytogenes wexe grown 

to anbbgoo of 0.5, at which point 50 mL of solution was transferred fo a clean flask and S- 
59 was added to a level of 2500 nM for the wild-type strain and 200 nM,for the wrABT 
mutant strain. These samples were incubated at 37 ®C at 300 ipm for approximately 1 hour 
(ODfioo approximately 1.0, approximately 1 x 10^/mL). A 1 mL aliquot was removed to 
assess thcs titer and the remaining was transferred to a 150 mm Petri dish and irradiated at a 
UVA dose of 6 J/cm2 (FX-1019), resulting in > 8 log inactivation for both strains. The 
treated strains were stored fiozen as described in Example 13. These were thawed and 
diluted 1:10 into BHI medium in a 15 mL tube at a concentration of approximately l-2x 
lO^permL. These were incubated at 37 at 300 rpm and aliquots were removed, at 0, 2 
4, 6, 8 hours and ovemight (approximately 18 hours). The aliquots were spread ort glass 
slides (approximately 50 ^L) and allowed to air dry. The smear was heat fixed by 3)assing 
through a flame three times, then allowed to cool before Gram staining usrag Fisher Gram 
Stain Set (catalog # 282-407), The slides were viewed on a microscope and photographed 
and tiie negative images are shown in Figure 22. This clearly demonstrates the unique 
nature of tlie treated repair deficient stain, ^hich shows chains indicating gene expression 
but is not a.ble to divide such that tbe bacteria do not proliferate. 
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EXAMPLE 19 
Construction of additional mataat Listeria straLos. 

[0218] Preparation of mutant Listeria strains. Listeria strains were derived fiom 

I0403S (Bishop et al., /. Immunol. 139:2005 (1987)). Listeria strains with in-fiame 
deletions of the indicated genes were generated by SOE-PCR and allelic exchange with 
estabUshed methods (Camilli, et al, Mol. Microbiol. 8:143 (1993)). The mutant stiain LLO 
L461T (DP-L4017) was described in Glomski, et al,7. Cell. Biol. 156: 1029 (2002), 
incorporated by reference herein. The actA' mutant (DP-L4029) is tlie DP-L3078 stiain 
described in Skoble et aL, J. of Cell Biology, 150: 527-537 (2000), iacoiporated by 
reference herein in its entirety, which has been cured of its prophage. (Prophage curing is 
described in (Lauer et al., J. Bacteriol. 1 84:4177 (2002); U.S. Patent PubUcation No. 
20O3/0203472).) The LLO" mutant (DP-L4027) (Lauer et al., 7. of Bacteriology, 184:4177- 
41 86 (2002)), and LLO A26 (DP-L4042) (Decatur et al. Science 290:992 (2000)) were also 
described previously. Constniction of an actA'uvrABT strain is described in the copending 
U.S. provisional application 60/446,051, filed February 6, 2003, as LA029/uwAB (see, e.g. 
Example 7 of that appUcation). r>P-IA029tfvrAB(actA/ttvrABr)was deposited with ATCC 
October 3, 2003, assigned PTA-5563. 

[0219] Construction ofpKlSVV-dl inlBfor deletion ofinlB from Listeria by allelic 

exchange. Deletion otinlB fiom JListeria DP-L4029 (or fiom other selected mutant stiains 
or from wild-type Listeria) can be effected by allelic exchange, as described by Camilli et 
aL,Afol. Microbiol. 8:143-147(1993). Overlapping PGR can be used to prepare flie 
construct used in the allelic exchange procedure. The source of the intemalm B gene is the 
sequence listed as Genbank accession number AL591975 (Listeria monocytogenes strain 
EGD, complete goiome, segment 3/12; inlB gene region: nts. 97(H)8-98963) and/or the 
sequence listed as Genbank accession no. NC_003210 (Listeria monocytogenes stiain 
EGD, complete genome, inlB gene region; nts. 457008-458963) both of which are 
incorporated by reference herein in their entirety. 

[022O] In the primary PCR reactions, approximately 1000 bps of sequence 

upstream and downstream fiom the Listeria inlB gene 5* and 3' ends, respectively, are 
amplified using the following template and primers: 

Template: DP-L4056 or DP-L4029 genomic DNA 

Primer pair /(For amplification of region tq>stteam Smm 5' enud ofinlB): 
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Lm-96031F: S'-GTTAAGITTCATGTGGACGGCAAAG (SEQID 

NO:22)(T„: 12°C) 
Lm-(3' inlB-Bi +) 97020R: 5'- 

AGGTCTTTTTnAnTTAAr;-TATnrTrTrrvTTCTATrCTAG'n'AT 
(SEQ ID NO:23) (T„: 1 WC) 

(The underlined sequence complemeataiy to region downstream of InlB 

caxboxy terminus.) 
(Amplicon Size (bps): 100^ 
Primer pair 2 (For amplification of region downstream fix)m 3* end of inlB): 
Lm-(S' inUB-F +) 98911F: 5'- 

CAAGGAGAGGATAGrrA A rrr.A a a ^ A^^CCTa\AAAAi\GA 
AGGC (SEQ ID NO:24) 1 IS^C) (The underlined sequence is 
complementary to region upstream of InlB amino tenninus.) 
Lm-99970P.: S'-TCCCCTGTTCCTATAATTGTTAGCTC (SEQ ID 

NO:25) (T„: 74°C) 
(Amplicon. size (bps): 1074) 
[0221] In the secondary PGR reaction, the primary PGR amplicons are fused 

through overlapping PGR, taking advantage of complementarity between reverse primer 
from pair 1 and the forward primer of pair 2. This results in precise deletion of inlB coding 
sequence: nts. 97021-989 1 0=1889 bps. The following template and primers were utilized 
in the secondary PGR reaction: 

Template: Cleaned primary PGR reactions 
Primer pair: 

Lm-96043F: 5'-GTGGACGGCAAAGAAACAACCAAAO (SEQID 
NO:26) (Tm: 74°C) 

Lm-99964R: 5'-GTTCCTATAATrGTTAGCTCATTTnTTC (SEQID 
NO:27)(T„: 74°C) 

(Amplicon size (bps): 2033) 
[0222] A protocol for completing the constaoction process is as follows: 

[0223] The primary PGR reactions (3 temperature Qrcle) are performed using Vent 

DNA polymerase (NEB) and 10 h1 of a washed 30°C Listeria DP-L4056 OR DP-L4029 
overnight culture. The expected size of Listeria mpUcsom by 1% agarose gd (1007 bps 
and 1074 bps). The primaiy PGR reactions are gel purified and the DNA eluted with 
Geneaean(BIO101). 
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[0224] A secondary PGR reaction is perfonaed, utilizing approximately equal 

amounts of each primaiy reaction as template (ca, 5 jul). The expected size of the Listeria 
amplicon from the secondary PGR reaction is verified by 1% agarose gel (2033 bps). 
Adenosine residue are added at the 3* ends of Listeria dl inlB amplicon with Taq 
polymerase. 

[0225] Th^ Listeria dl inlB amplicon is then inserted into a pGR2.1-TOP0 vector. 

ThepGR2.1-TOP0-dl inlB plasmidDNAisdigested withXhoIandKpnIand the2123bp 
fragment is gel purified. The KpnI/XHoI 2123 bp fragment is inserted into a pKSV7 vector 
that has been prepared by digestion with Kpnl and Xliol and treatment with CIAP ft)KS V7- 
dlinlB). [Goirect?] TliefideKtyof dlinlBsequeace inpKSVT-dlinlBis thenverifiedL. 
The inlB gene is deleted from desired Listeria strains by allelic exchange with pKSV7-dl 
inlB plasmid. 

[0226] Construction of antigen-expressingsir'ains. Mxttant Listeria straim - 

expressing a truncated form of a model antigen ovalbimun (OVA), the inmnmodominajit 
epitope from mouse colorectal cancer (CT26) knowa as AHl (SPSYVYHQF; SEQ ID 
NO:20), and the altered epitope AH1-A5 (SPSYAYHQF; SEQ ID NO:21; Slansky et aJ., 
//w/wMnzTy, 13:529-538 (2000)) were prepared The pPL2integrational vector (Laueret al., 
/. Bacteriol 184:4177 (2002); U.S. Patent PublicatiLoxi No. 2003/0203472) was used to 
derive OVA and AHl -AS/OVA recombinant Listerias strains containing a single copy 
integrated into an innocuous site of the Listeria genome. 

[0227] Construation of OVA-expressing Listeria (DP-L4056). An antigen 

e?q)ression cassette consisting of hemolysin-deleted I^LO frised with truncated OVA anA 
contamed in the pPL2 integration vector (pPL2/LLO-OVA) is first prepared. The Listeria- 
OVA vaccine strain is derived by introducing pPL2/LLO-OVA into the phage-curedi. 
monocytogenes strain DP-L4056 at the PSA (Phage firom ScottA) attachment site tRNA.^- 
attBB\ 

[0228] PGR is used to amplify the hemolysin-deleted LLO using the following 

template and primers: 

Source: DP-L4056 genomic DNA 

Primers: 

Forward (^nMJLOnts. 1257-1276): 

5 ^-CT CTGGTACCT CCmG^^TTAGTATATTC! (SEQ ID NO:;28) 

(Tm: LLC-spec: 52°C. Overall: 80^C.) 
Reverse iBamHI'XhoLlLO nts. 281 1-2792): 
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S*<:AA TGGATCCC:TCGAGA TCATAATTTACIT-rATrrr 
(SEQIDNO:29) 

(Tm: LLO-spec:52^C. OveraU: 102°C.) 
[0229] PGR is also used to amplify the truncated OVA using the following template 

and primers: 

Source: pDP3616 plasmid DNA froxn DP-E3616 E, coli (Higgins at aL, Mol 

Molbiol 31:1631-1641 (1999)). 
Primers: 

Forward {Xhol-^ Ncol OVA cDNA nts. 174-186): 

S*-ATTTCTCGAG TCCATGGG GGGTrCTCATCA.TC (SEQ ID 
NO:30) 

(Tm: OVA-spec: 60^C. Overall: 88*^0.) 
-Rcverso (XhoI'Notl-Hindm): 

S^-GGT GCTCGAGTGCGGCCGCAAGCTT f SEO ZD NO:3n 

(Tjni Overall: 82°CO 
[0230] One protocol for completing the construction process involves first cutting 

the LLC amplicon with Kpnl and BamHI and inserting the Kpnl/BamHI vector into the 
pPL2 vector (pPL2-LLO). The OVA amplicon is then cut with JOioI and N<}tl and inserted 
into the pPL2-IXO which has been cut with -A!Zio//5\rotf^ (Note: The pPL2 v^ector does not 
contain any ATio/ sites; pDP-3616 contains oone^o/site, that is exploited io the OVA 
reverse primer design.) The construct pPL2/XLO-OVA is verified by restriction analysis 
{Kpnl'lLO-XhoI-OYArNotl) and sequencing. The plasrnid pPL2/LL0-0 VA is introduced 
into coli by transformation, followed by introduction and integration into Listeria (DP- 
L4056) by conjugation, exactly as described hy Lauer et al, (or into another desired strain 
of Listeria, such as an inlB' mutant or an inUS'actA' double mutant). 
[0231] A description of the insertion of an antigen expression cassetiie that 

expresses OVA can also be found in Example 8 of the U.S. provisional application entitled 
"Free-Iivuig Microbe Based Vaccine Compositions", US Serial No. 60/511 ,869, filed 
October 15, 2003. 

[0232] Construction of Listeria strains expressing AHl /OVA or AH2 -AS/OVA. To 

prepare Listeria expressing either the AHl/OVA or flie AH1-A5/OVA antigen sequences, 
inserts bearing the antigen are first prepared £t>m oUgonucleotides and then ligated into the 
vector pPL2-I.LO-OVA (prepared as described above). 
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[0233] The following oligomxcleotides are used in preparation of the AHl or AHl- 

A5 insert: 

AHl epitope insert (Clal-Pstl compatible ends): 
Top strand oligo (AH 1 Top): 

5'-CGATTCCCCTAGTTATGTTTACCACCAATTTGCTGCA (SEQ ID 
NO:32) 

Bottom strand oligo (AHl Bottom): 

5'"GCAAATTGGTQGTAAACATAACTAGGGGAAT (SEQID NO:33) 
AHl'AS epitope insert (Clal-Avall compatible ends): 

The sequence of the AH1-A5 epitope is SPSYAYHQF (SEQ ID N0:21) 
(5'-AGT CCA AGT TAT GCA TAT CAT CAA TTT-3* (SEQ ID 

NO:34)). 

Top: 5*-CGATAGTCCAAGTTATGCATATCATCAATTTGC(SEQID 
NO:35) 

Bottom: 5'-GTCGCAAATTGATGATATGCATAACTTGGACTAT 
(SEQIDNO:36) 

[0234] The oligonucletide pair for a given epitope are mixed together at an 

equimolar ratio, heated at 9S '^C for 3 min. The oligonucleotide mixture is then allowed to 
slowly cooL The annealed oligonucleotide pairs are then ligated at a 20O to 1 molar ratio 
with pPL2-LLO/OVA plasmid prepared by digestion with the relevant restriction enzymes. 
Tlie identity of the new construct can. be verified by restriction analysis and/or sequencing. 
[0235] The plasmid can then be introduced into E. coli by transformation, followed 

by introduction and integration into Listeria (DP-L40S6) by conjugation, exactiy as 
described by Lauer et al. (or into another desired strain of Listeria, such as an inW mutant 
or an inlR actA' double mutant). 

EXAMPLE 20 

^sessment of in vivo cytotoxic activity in mice vaccinated with Listeria monocytogenes. 

[0236] A series of stadies were done to assess the ability of vaccinated mice 

to lyse antigen specific target cells in vivo. In the first study, Balb/c mice were vaccinated 
either intraveneously (IV) wiih Listeria monocytogenes strains DP-L4029 (acM"), DP- 
L4029 expressing AH1/A5, and DP-I>*029 uvrABT oxpressing AH1/A5. The AH1/A5 
expressing strains were also treated vsrith S-59 UVA according to the second method of 
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Example 13, Tho Listeria constructs expressing AH1-A5 also express LLO and OVA. 
Vaccinations were done on day 0, for all groups and additionally on days 1 and 2 for tbe S- 
59 treated strains at the dose (0. 1 LD50) indicated in Table 20. For each strain and control, 
two groups of 3 mice were vaccinated. A target cell population Avas prepared by harvesting 
the spleens of 20 naive Balb/c mice in RPMI 1640 medium. The cells were dissociated and 
the red cells lysed. The wldte blood cells were counted and split into four equal 
populations. Each group was pulsed with a specific peptide, eittter taiBet AHl 
(SPSYVYHQF (SEQ ID NO:20), firom SynPep, Dublin, CA), target AH1-A5 
(SPSYAYHQF (SEQ ID NO:21), SynPep), or two populations of control (P-gal, 
TPHPARIGL (SEQ ID NO:37)), at 0.5 ^g/mL for 90 minutes at 37 ^C. CeUs were then 
washed 3 times in medium, and twice in PBS + 0.1% BSA. Cells were resuspended at 
1 X 1 0^ per mL in warm PBS + 0. 1 % BSA (10 mL or less) for labeling with 
carboxyfluore'scein diacetatse succinimidyl ester (CFSE, Molecular Probes, Eugene, OR). 
To the target cell suspensions, 1.25 fiL of a 5mM stock of CFSE was added and flie sample 
mixed by vortexing. To the control cell suspensions, a ten-fold dilution of the CFSE stock 
was added and the sample mixed by vortexing. The cells were iixcubated at 37 ^'C for 
10 minutes. Staining was stopped by addition of a large volume (>40 mL) of ice-cold PBS, 
The cells were washed twice at room temperature with PBS, then, resuspended and counted 
Each cell suspension was diluted to 50 x 10*^ per mL, and 100 jiL of each population was 
mixed and injected via flie tail vein of either naive or vaccinated mice on day 6. For each 
strain or control, flie group of 3 mice was injected wifli P-gal and AH-1 or p-gal and AHl- 
A5. After 12-24 hours, the spleens were harvested and a total of 5 x 10^ cells were 
analyzed by flow cytometry. The high (target) and low (control) dQuorescent peaks were 
enumerated, and the ratio of flie two was used to establish flie percentage of target cell lysis 
relative to flie HBSS control population. The results are shown in. Table 20 and Figure 
23A. (The tables in this example show averages for three mice, while the figures are 
representative histograms finom individual mice for the indicated samples (not necessarily 
the same mouse).) The vaccination using the S-59 treated stains shows a slightty better 
response to AHl for the uvryiSr mutant and a significanfly higher j^ponse to AH1-A5 for 
flie uvrAff" mutant relative to flie S-59 treated actA' strain. 
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Table 20 In vivo cytotoxicity of Balb/c mioe vaccinated as indicated on day 0, also 



days 2 and 3 for S-59 treated strains. 





% of target cells killed 


Immunization 


S-S9 


Vacciisatioii dose 


AHl 


AH1-A5 


HBSS 




lOO^L 


0 


0 


actA' 




5 xlO* 


3.8 


72 


actA-AS\-A5 




5 xlO* 


17.9 


772 


acU-uvrASrAHl-AS 




5 xlO* 


33.6 


8S.1 


actA'AEl-AS 


+ 


Ix 10'' each day 


7.1 


3.9 


actA'uwAff AH1-A5 


+ 


1x10 'each day 


8.7 


56.1 



[0237] This study was repeated with an additional vaccination at day 14 for 

all groups and additionally days IS and 16 for Ike S-S9 treated strains. The labeled tai^et 
cells were injected on day 20. The results are shown in Table 21 and Figure 23B. The 
response to the S-S9 treated uvrAR mutant can be significantly improved with a boost 
vaccination, this is not the case for the S-S9 treated actA^ strain. 

Table 21 In vivo cytotoxicity of Balb/c mice vaccinated as indicated on day 0 and 1.4, 



also days 2, 3, IS, and 16 for S-S9 treated. 





% of taiget cells killed 


Inunimization 


S-59 


VaccioBtion dose 


AHl 


AH1-A5 


HBSS 




lOOpL 


0 


0 


act^ 




5 xlO" 


1.4 


-5.9 


acWAm-AJS 




5 xlO" 


27.4 


96.4 . 


actA-uvrAR AHl-AS 




5 xlO" 


52.9 


97.0 


actA-AHl-A.5 


+ 


1x10^ each day 


3.6 


5.7 


actA'uvrAR AH.1-AS 


+ 


1 X 10 ''each day 


19.2 


84.5 



[0238] A similar study was done vising actA\ actA expressing OVA and 

actA'uvrAR expressing OVA, including with and without S-59 treatment for the OVA 
expressing strains. This study used CS7B1/6 mice. Groups of 6 mice were vaccinated day 
0 (also 1 and 2 for S-59 treated) and three of each group was injected with labeled target 
cells on day 6. The remaining mice were vaccinated day 14 (also 15 and 16 for S-59 
treated) and injected with labeled target cells on day 20. In this study, the naive target 
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spleen cells were pulsed with p-gal flow CFSE) or SL8 (high CFSE). The results are 
shown in Table 22 and Figure 23C. Agaiir, the response to the S-S9 treated u,vrAK mutants 
is ^ihaxiced significantly with a boost vacoination. 
Table 22 In vivo cytotoxicity of Balb/c mice vaccinated as indicated. 





% of target cells killed 


Inrmimization 


S-59 


Vaccination dose 


primary 


boost 


HBSS 




100 (iL 


0 


0 


act/[ 




1 X 10' 


-6.6 


0.1 


actA'OWA 




1 X 10' 


98.9 


97.1 


octA-uvrABTOYA 




1 X 10' 


993 


98.1 


actA'OVA 


+ 


1x10" each day 


0 


0 


acWuvrAR OVA 


+ 


1 X 10" each day 


463 


84.8 



EXAMPLE 21 

S-59/UVA treatment of Bacillus antkracis with and without uwAB deletion. 



[0239] The allelic exchange mefliods detailed in Examples 7- 9 and CamiUi et al.. 

Molecular Micro. , 8: 143-1 47 (1 993) were xised to modify the Bacillus antkracis Sterne 
strain. The virulence of this strain is atteniaated (pXOl"*", pX02"). 

[0240] The uvrAB gene from Bacillus antkracis was identified (Genbank accession 

number AE017040, Bacillus antkracis AsxLes strain, section 17 of 18 of &e complete 
genome, uvrAB genes coding sequence: nts. 212613-217471) and a plasmid based on 
pKSV7 with the uvrAB gene deletion was constructed (pKSV7-rf/ uvrAB) usixig Splice 
Overlap Extension (SOE) PCR and the steps described below: 

[0241] Primary PCR reactions: Approximately 1000 bps of sequence upstream and 

downstream fiom the B. antkracis uvrAB genes 5* and 3* ends, respectively, were 
amplifiled 

Template: B. antkracis Sterne genomic DNA 

Primer pair 1: Amplification of region 1000 bp upstream &om S' end of uvrB. 
(Amplicon Size (bps): 1029) 

Ba-225099F: 5*-CTGTGCrTTTGCGAATQGAAAGAAGC (SEQ ID 
NO:38)(Tm: 74**C> 
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Ba-(3 ' uvrA-R +) 226 1 09R: 

S' -GTTTTCATTnATACACm'AG ACAAGnGTTfifirTTTTnrA 
CTTC(SEQII>NO:39)(T„: 120°C) (Underlined sequence is 
complementary to region downstream of uvrA carboxy teimimis.) or 
Ba-226109R: 5'-GACAAGCGTTGGCTTTT<5CACTTC (SEQ ID 
NO:40) (Tm. 72°C). 
Primer pair 2: Amplification of region downstream fiom 3' end of uvrA. 

(Amplicon size (bps): 990) 

Ba-(3* uvrA-R +) 230779F: 

S' -CAAAAGCCAACGCTTGTCT AAGTGTATGAATGA AAACa 
GAQTGG (SEQ ID NO:4I) (T„: 126"C) (Underlined sequence is 
complementary to region upstream of uvrB asuno terminus.) or Ba- 
230779?: 5'-AAGTGTATGAATGAAAACCOAGTGG (SEQ ID 
NO:42)(Tb: 70*C) 

Ba-23 1769R: S'-CATATAAAGGTrCCACAATTGCCTTTTC (SEQ ID 
NO:43) (Ta: 76°C) 

[0242] Secondary PCR reaction: Fusion of primary PGR ampUcoos through SOE 

PGR, taking advantage of complementarity between reverse primer o:f pair 1 and tiie 
forward primer of pair 2. Results in precise deletion of uvrAB coding sequence: nts. 
226110-230779=4670 bps. 

Template: Cleaned primary PCR reactions 
Primer pair: (Amplicon size (bps): 1973) 

Ba-225118F: 5'-GAAGCAGAAATGAAGCCAATACTCAATC (SEQ BO 

NO:44) (T„: 78**C) 
Ba-23 1761R: S'-GGTrCCACAATTGCCTnTCAATAATC (SEQ ID 
NO:45)(T„: 74"'C) 

{0243] Construction: Primary PCR reactions (3 temperature cycle) are performed 

using Vent DNA polymerase (NEB) and Sterne strain goiomic DNA.. Four primary PCR 
reactions are performed both widi and vdthout primers used for splice overlap extension 
(SOE). (If reactions containing Ba-(3 ' uvrA-R +) 226109R or Ba-(3' uvrA-R +) 226109R 
primers did not yield significant anq>licon produci; fbea diese primers on amplicons fiom 
reactions widi Ba-225099F/Ba-226109R or Ba-230779F/ Ba-23 1769R primer pairs weie 
used.) The expected size of anthracis primary amplicons by 1% agarose gel (1029 bps and 
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990 bps) was veiifieA The reaction was cleaned with S6 columns (BioRad) or GeneClean 
(BIO 101). 

[0244] The secondary PGR reaction was performed, utilizing approximately equal 

amoxmts of each primary reaction as template (ca. 5 ^1) were performed. The expected size 
of the Listeria amplicon. from secondary PGR reaction ty 1% agarose gel (1973 bps) was 
verified. 

[0245] The anthracis dl uvrAB amplicon was inserted into pCR2.1-Blunt II-TOPO 

vector. The plasmid pCR2.1-TOPO-rf/ uvrAB plasmid DNA was digested with Kpnl and 
PsU and gel-purify 2033 bp fi:agment. The KpnIIPstI 2033 bp fragment was inserted into 
pKSV7 vector, that had been prepared by digestion with Kpnl and PsU and treatment with 
CIAP (pKS V7-d/ uvrAB}. The fidelity of dl uvrAB seqxience in pKSV7-rf/ uvrAB was 
verified. 

[0246] The uvrAJS geiies were "deleted from B. cznthracis Sterne by alleHc^xchange 

with pKS V7-^// uvrAB plasmid. The plasmid pKSV7-<^/ uvrAB was introduced into the B. 
anthracis Sterne strain "by electroporation selecting for chloramphenicol resistance. The 
electroporation was done using a freezing step that significantiy increased the frequency of 
electroporation. B, anthracis culture was grown 0/N in 3 ml BHI 0.5% glycerol shaking at 
3TC. 0.5 ml culture was transferred to 50 ml BHI 0,5 Vo glycerol (OD6oo=0. 1) in 500 ml E- 
flask. The sample was incubated at 200 ipm 37''C. (or 0. 1-0.2 ml to 25 ml BHI 0.5% 
glycerol in 250 ml flask). At OD6oo~ 0.6-0.8 (approx 1 hour 45 min), bugs were collected 
in 500 ml disposable sterile filter eqpparatus. The bugs were washed 3 x 25 ml each witii 
cold electroporation buffer (1 mM HEPES 10% glycerol pH 7.4). The cells were 
resuspended in 1^0 original volume (2.45 ml of e-p6ration buffer for 50 ml culture) and 
kept on ice. 1- fxg (1 to 5 ul of miniprep) of * Very cleaxi" umnethylated plasmid DNA to 0.2 
ml cells suspension in a. 0.2 cm gap e-poration cuvette (control=no DNA). The sample was 
then kept on ice for IS rnm The cells were ih&i pulsed at 25 ^FD, 200Q, 2.5 kV (or, 
alternatively, 0.4 ml cells were pulsed in 0.4cm cuvette at 400Q). Time constant was 
approximately 4-5 msec. Immediately after pulse, 1 ml BGGM (BHI containing 10% 
glycerol, 0.4% glucose and 10 mM MgC12) was added. The ceUs are transfered to a sterile 
polyprop. tube and incubated 37^C 1 1/2 hour, shaking. The cells are pelleted, resuspended 
in 200 )il BGGM and plated on selective media. 

[0247] The pKSV7-rf/ uvrAB was integrated into tixe J?, anthracis chromosome at 

41^ C. pKSV7-d7 uvrAB was allowed to excise and cure at the permissive t^perature. 
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resulting in chloramphenicol sensitive colonies. PCR primers were designed to detect ttie 
deletion on the chromosome. 20% of the chloramphenicol sensitive colonies harbored tixo 
deletion in the B anthracis chromosome. PCR analysis of the uvrAB' strain indicated 
retention of the pXO 1 virulence plasmid. 

[0248] Two t4vrAB' clones (clone 8 and clone 32A) were S-59-treated, along witli 

the parent strain, by growing in BHI at 37 °C at 300 ipm to an ODm of 0.3, at which point 
SO mL of solution was transferred to a clean flask and S-S9 was added to the concentrations 
indicated in Table 23 . These samples were incubated at 37 at 300 rpm with vigorous 
shaking for appicximately 1 hour (OD^oo approximately LO, approximately 1 x lO^/mL). A 
1 mL aUquot was removed to assess the titer and the remaining was transferred to a 150 
mm Petri dish and irradiated at a UVA dose of 6 J/cm^ (FX-1019), resulting in a six-log 
reduction in titer, as compared to the parental strain, as indicated in Table 23, below, and 
^Figure 24. ThisHemonstrates a sensitivity to psoralen, treatmentin A anthracis that is 
similar to that observed for Listeria monocytogenes uv^rAK strains. 
Table 23 Attertuation of Bacillus anthracis Steme strain vs. uvrAff mutant with 



psoralen S-59/UVA treatment 



S-59 


Bacterial log titer 


Log attenuation 


nM 


Steme 






Steme 


uvrARiX) 


uvrAFi2.) 


0 


8.26 


8.13 


8.31 








25 




7.46 


7.45 




0.67 


0.86 


50 




6.31 


6.28 




1.82 


2.03 


100 




3.11 


3.68 




5.02 


4.63 


200 


6.84 


1 . 


1 


1.42 


>7.13 


>7.31 


400 




1 


1 




>7.13 


>7.31 


500 


5.29 






2.97 






1000 


3.11 


1 


1 


5.15 


>7.13 


>7.31 


1500 


1 






>7.26 






2500 


1 






>7.26 






5000 


1 






>7.26 







EXAMPLE 22 

Use of vaccines of tbe invention for the m vivcf treatment of human cancers. ^ 
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[0249] As an example of the treatment or prevention of a human cancer, a vaccine 

comprising an antigen-presenting cell that has been loaded and activated by infe<:tion by a 
microbe modified so that the proliferation of the microbe is attenuated, wherein "the 
microbial gene expression is substantially unaffected, is administered to an individual. The 
microbe can be prepared following the protocols of examples 4 and 5, wherein suay desired 
prokaiyotic expression cassettes encoding human tumor antigen(s) are incoipoia-ted into the 
microbe, by utilizing, for example the pPL2 integration vector described in Exat3aple 8, or 
any modifications thereof, or by any methods that are common to those in the art.. 
Antigen-presenting cells (APCs) are then loaded and activated with the modified microbes 
using methods such as those outline herein. 

[0250] The resulting APC vaccine may be formulated in crude, or preferably 

purified form. The vaccine composition may be prepared as a liquid suspension.. In 
addition, they may be forinulated with additives such as preservatives (e.g. thna^rosal, 2- 
phenoxy ethanol), stabilizers (e.g. lactose, monosodium glutamate), adjuvants (e.g. 
aluminum hydroxide, aluminum phosphate, cytokines), antibiotics (e.g. neomycin, 
streptomycin) or other substances. Formulations nciay be resuspended or diluted, in a 
suitable diluertt such as sterile water, saline, isotonic buffered saline (e.g. phospliate 
buffered to physiological pH), or other suitable dilxaent. 
' [0251] The vaccine may be administered by a variety of routes, includin.g oral, 

nasal, intraveneous, intradermal, intraperitoiieal, irLtramuscular, intralymphaticand 
subcutaneous routes, as well as by any route that is relevant for any given malig^iant or 
infectious disease. An effective amount of the vaccine will be administered to an 
individual for treatment For a therapeutic treatmexit, an effective amount is a dose that will 
result in the desired inmiune response, wherein the imanime response either slows the 
growth of the targeted tumors, reduces the size of the tumors,- or preferably elin^inates the 
tumors completely. The administration of the vaccine may be repeated at appropriate 
intervals, and may be administered simultaneously at multiple distinct sites in tine 
vaccinated individual. For the prophylactic treatnxent, an effective amount is a dose that 
will result in a. protective immune response such tbiat the likelihood of an indivL-dual to 
develop the cancer is significantly reduced. The vaccination regimen may be oomprised of 
a single dose, or may be repeated at suitable intervals until a protective immune response is 
established. 

[0252] The therapeutic treatment of an individual may be started on an dnidividual 

who has been, diagnosed with a cancer as an initial treatment, or may be used irx 
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conibination with other treatments. For example, individuals who have had tumors 
surgically removed or who have been treated with radiation therapy or h>y chemotherapy 
may be treated with the vaccine m order to reduce or eliminate any residual tumors in the 
individual, or to reduce the risk of a recurrence of the cancer. The proptiylactic treatment 
of an individual would be started oxx an individual who has an increased risk of contracting 
catain cancers, either due to envirorunental conditions or genetic predisposition. 

EXAMPLE 23 

Generation of recombinant tumor Ag-secredng vaccines based on attenuated strains of 

Listeria. 

[02531 Chicken ovalbumin (OVA) fused with a truncated form of Listeriolysin O 

(LLO) to facilitate antigen secretion and MHC class I processing was used as a model 
anfigen in studies to evaluate the imuoiunogenicily of selected attenuated Listeria strains. 
The tiunor antigen ejcpression cassette was incoiporated site-specificall>r into an ixmocuous 
site on the chromosome of a panel of attenuated Zi^/^r/a strains with the proprietary pPL2 
integration vector. The reconobmant Listeria strains e^qpressed and secreted the predicted 
modified IXO-OVA fusion protein as determined by Western blot analysis (data not 
shown). The growtti of each of ttiese recombinants in liquid broth cultuxre as well as the 
intracellular growth kinetics was also indistinguishable fiom its parent ^Furthermore, the 
recoxnbinant OVA-expressing strains were shown to have an IV LD50 th.at was within a * 
fictor of two of the umnodified parexital strains (Table 24). 



Table 24, SA^tt^Asttvmxs of Listeria monocytogenes 



Strain 


Genotype 


Phenotype 


LDsoof 
parental 
strain 


LrJDsoofOVA- 
«xpressing 
strain 


Fold 
attenuation / 
Parent strain 


DP-L40S6 


10403S phage 
cured 


Wild-type 


5x10^ 


IxlO* 


2 


DP-L4029 


^actA 


In-fiame deletion of actA(acM) 
gene; strain grows intraceUuIariy, 
but does not spread fiom cell-to- 
ceU 


1x10* 


1x10' 


1 


L4029-uvrAB 


AactA;AuvrAB 


In-frame deletion of actA (acHi^) 
gene and uvrAB (uvrAB) genes; 
strain gro>vs intracellulaiiy, but 
does not spread fiom celHo-cell; 
' enhanced susceptibility to DNA 
damage such as psoralen-induced 
DNA cross linking 


1x10^ 


1x10' 


1 



(0254] The integration vectors facilitate rapid derivation of multiple recombinant 

Listeria vaccine candidates. A single construct can be mated in parallel into any number of 
unique genetic backgrounds to i^idly create isogenic strains. 
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EXAMPLE 24 

Psoralen-induced DNA crosslinking to produce non-viable but metabolically active 

Listeria. 

[0255] To ensure safety for a Listeria-hzs^d ex vivo antigen delivery platform, in 

addition to using genetically attenuated Listeria, the inventors have engineered a Listeria 
strain that can be fiiUy inactivated through treatment with psoraleti, yet is metabolically 
active and thus retains its ability to infect cells, escape from the phagolysosome and 
promote the presentation of encoded antigens via the class I pathway. The engineered 
Listeria strain is exquisitely sensitive to inactivation with psoralens, a group of compounds 
that form irreversible crosslinks in the genomes of bacteria after illumination with UVA 
"tight, so tfaatihey are incapable of multiplying. Mutant strainsDf Xz.s/ena unable tarepair 
psoralen-mediated DNA damage were created by deleting the ultraviolet light resistance 
(uvr) AB gene (jivrAB)^ wliich is required for nucleotide-excision repair 'm Listeria and 
otihier bacteria (Sancar et ^\.,Ann. Rev. Biochem., 57:29-67 (1988)>. The psoralen S-59 is 
one of a number of Cerus compounds used in the DNA crosslinldixg technology known as 
Helinx (Lin, L., Psoralen photochemical treatment of platelets, Science and Medicine^ 
1998; Hei, et al., Transjusion^ 39:239-48 (1999)). At a psoralen concentration that 
inactivates the Listeria uvkAB deletion mutants to the limit of detection, the parental, non- 
mutant strain having intacft DNA repair mechanisms is more than four logs less sensitive to 
UVA light inactivation (Figure 25B). S-S9/UVA inactivated Listeria uvrAB maintained 
their mitochondrial activity as determined in a MIT assay and retained their capacity to 
express their genomic repertoire, as determined by ^S-methionine-labeled pulse-chase 
e3q>eriments (Figure 26 and Figure 10). S-59/IJVA inacdyatedLisrteria wrAB but not the 
inactivated parental strain demonstrated continued expression of tbeir genetic repertoire. 
The expression level of the inactivated parental strain was significantly diminished, 
indicating that S-59/UVA treatment at the S-59 concentrations req^uked for full inactivation 
significantly decreases ejqpiession of Listeria gene products, moluding likely the e3qpression 
of an encoded tumor antigenu 

EXAMPLE 25 

Non-viable Listeria uvrAB retain the ability to infect DC aod escape fiom the 

phagolysosome. 
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[0256] In addition to preserving metabolic activity, it is important to demonstrate 

efficient antigen loading into the MHC class I pathway by S-59AA^A imctivattd Listeria 
uvrAB strains upon infection of dendritic cells (DC). The inventors have now demonstnated 
that infection of DC with a Listeria mutant (DP-L4027) that is unable to escape from the > 
phagolysosome by virtue of deletion of the My gene that encodes LLO eliminates 
presentation of antigens in context of MHC cla^ L 

[0257] To demonstrate escape from the phagolysosome of Listeria uvrAB infected 

DC, the inventors took advantage of the &ct the cytoplasmic Listeria are surrounded by 
host-cell actin filaments, so-called ''actin clouds", iha.t can be visualized by fluorescence 
microscopy. Actin polymerization on tiie Listeria sux&ce is mediated by the bacterial 
ActA protein and other host cell &ctors. A murine I>C cell line, ^DC2.4, was infected at 
multiplicity of infectionXMOI) of 1 with Listeria w^ S-59AJVA inactivated Listeria uvrrAB 
and Listeria ALLO (DP-L4027) for 30 minutes at 37^ C. Extracellular bacteria were 
removed carefully by several washes and DC were iiLcubated for an additional 5 hours a.t 
37^C in the presence of gentamicin to prevent the growth of extracellular bacteria. DC2 .4 
infected widi wild-type Listeria or fiilly inactivated Lristeria uvrAB demonstrated typical 
actin clouds or actin comet tails, typical for cytoplasrsiic localization of Listeria (Figure 
27). However, in DC2.4 cells infected with the Listeria LLO null mutant no co- 
localization of actin and Listeria could be observed, Lndicating that the bacteria were imsble 
to escape from die pliagolysosome. This result demonstrated that these DNA repair 
mutants retain the ability to escape from the phagolysosome and enter die cytosol of the 
infected cell, v/bsxQ antigen can be secreted, a requisite step for direct presentation via tbe 
MHC class I pathway. See also Example 17, above, ^d Figure 21. 



EXAMPLE 2S 

Non-viable Listeria uvrAB efBciently toad antig&n into the MHC class I patiway or 

infected dendritic cells (DC). 



[0258] Due to the unique abiUty of S-S9 psoralen inactivated Listeria uvrAB to 

escape the phagolysosome within the infected cell, gene products secreted by cytosoUc 
Listeria are processed and presented via the MHC class I pathway. To test the ability o£ S- 
S9/(JVA inactivated Listeria uvrAB to load antigen iato the MHC class I patiiway of DC, 
DC2.4 cells were infected at a multipUcity of infection (MOI) of 1 with the OVA- 

123 



wo 2004/084936 



PCTAJS2004/003671 



expressing Listeria strain, L4029 uvrAB OVA, inactivated with different concentrations of 
S-59. The parental Listeria OVA and heat-killed Listeria iivrAB OVA served as controls. 
Presentation of OVA peptide by DC2.4 on class I molecules following phagocytosis of 
Listeria was measured after incubation with B3Z cells. B3Z is a LacZ-inducible CD8^ T- 
cell hybridoma specific for the OVA257.264 (SL8) epitope presented on the murine K** class I 
molecule <Sanderson, Int Immunol^ 6:369-76 (1994)). Class I-restricted presentation of 
SL8 to B3Z cells results in the induction of P-gal synthesis by B3Z. The amount of P-gal 
produced can be measured by the hydrolysis of the chromogenic substrate CPRG and is an 
indicatiorL of the amount of SL8/ complexes presented on the smface of APCs. As 
shown in Figure 9A and 9B, S-59/UVA inactivated Listeria uvrAB OVA strain, but not the 
cognate parental strain, maintained its capacity to load antigen into the ME3C class I 
pathway ixidependent of its ability to multiply. (This is the same data as described in 
Example 11.) Even at full inactivation using* S-59 concentrations of 70 to 100 nM, xooie 
than 90% of B3Z activation was maintained. In contrast, the parentalX£?/^na OVA strain 
with intact DNA repair lost its ability to activate the B3Z T-cell hybridoma. when higher 
concentrations of S-S9 were used for iruactivatioxL In contrast to the Listeria uvrAB OVA 
strain, B3Z activation and the ability of 1fa.e parental Listeria OVA strain to form colonies 
on BED agar plates was closely correlated:^ suggesting that only viable Listeria OVA are 
capable of infecting DC2.4 cells and loading antigen into the MHC class I pafhway. 
Moreover, heat-killed Listeria uvrAB OVA did not result in B3Z activatioxx This result 
demonstrates the capacity of Listeria to load antigen into the MHC class I pathway can be 
unlinked £rom the requirement for multiplication using S-59AA^A inactiva.ted Listeria^ 
modified to prevent fheir capacity to rq>air psoralen-mediated DNA damage. 
[0259] To test the ability of Listeria uvrAB OVA to load antigen irtto the MHC 

class Ipathway of primary DC, immature murine BM-DC were infected wdth fully 
inactivated S-59/UVA treatdd Listeria uvrAB OVA. Yieble Listeria uvrAB OVA, the 
parental strain and L4027 served as controls. As shown in Figure 28, BM-DC infected 
with the OVA-^xpressing but not the paiemt strains stimulated the B3Z cells in vitro. No 
significant difference between the live and non-viable S-59/UVA treated Listeria uvrAB 
mutant strain (L4029 uvrAB OVA) was observed, suggesting that MHC class I molecules 
of primary^ DC are efficiently loaded with Zisteria-drnved peptides following Ihe escape of 
the bacteria fit>m the phagolysosome into the cytosol in spite of the inability of Listeria 
uvrAB to multiply, hnportandy. Listeria actA OVA inactivated by heat-killing did not 
result in any significant presentation of OVA peptides in the MHC class I pathway 

124 



wo 2004/084936 PCTrtJS2004/003671 

suggesting that incubation of DC with heat-killed bacteria does not resiolt in any significant 
antigen loading of MHC class I molecules. 



EXAMPLE 27 
Listeria directly infect and activate human DC. 

[0260] For the development of a potent antigen dehvery platform it is widely 

thought that activation/maturation of DC is required in addition to effioiently delivering 
antigen into the MHC class I pathway. In situ, inamature DC reside in peripheral tissues 
wlxere they continuously take ixp and process antigen, but it is the encoxmter of an activation 
stimulus, such as that which bacteria provide, that initiates the activation/maturation 
process, leading to modulation of chemokine receptors and migration of DC to the T cell 
airea of the draining lymph node. We assessed the potency of wild-type Listeria (t4056) to 
induce phenotypic maturation and cytokine production of human monocyte-derived DC. 
As shown in Figure 29, encounter of human immature DC with Listerict led to up- 
regulation of the activation markers, CD86 and HLA-DR (Fig. 29A), as well as the 
maturation marker, CD83 (Fig. 29B). Furthermore, the exposure of hxxman immature DC 
to Listeria increased their immune-stimulatory capacity as shown by flaeir ability to secrete 
high levels of pro-inflammatory cytokines, such as IL-12p70 and TNF-a (Fig. 29C)- 

EXAMPLE 28 

S-59/UVA inactivatediisteria uvrAB OVA induce OVA-specific immuni ty in vitro: 

[0261] We assessed the potency of the S-59/UVA inactivated Listeria uvrAB OVA 

vaccine to induce OVA-specific immunity in vivo. Female C57BL/6 ixiice were vaccinated 
intravenously with 1 x 10^ particles of S-59AJVA inactivated Zwteria ^AB OVA. The 
in.duction of OVA-specific immunity was assessed 7 days post vaccination. Strikingly, 
mice that received S-59AJVA inactivated Listeria uvrAB OVA but not the parent Listeria 
OVA strain mounted a significant OVA-specific CDS'" T cell response, as shown m Figure 
30. Furthermore, vaccination of niice with heat-killed Iwter/awvrilff OVA did not result 
in flie induction of OVA-q?ecij5c inmiunity. 
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EXAMPLE 29 

Construction of two recombinant attenuated Li^/ma actA/wvr/iS strains expressing full- 
length CEA containing either the native (CAPl) or thie enhanced agonist cytotoxic T 

lymphocyte epitope (CAPl -6D). 

[0262] CEA is a 1 80 kDa large protein found in adenocarcinomas of endodemially 

derived digestive systena epithelium and fetal colon. CE-A is attached to the membrane of 
cells by a GPI-anchor. The protein contains 7 immunoglobulin-like domains and the C- 
tenninus demonstrates homology with the Non-specific Cross-reacting protein, NCA, a 
member of the carcinoembryonic antigen gene family. We propose to constmct the fiiU- 
length CEA containing either the HLA*A0201-restricted CEA native T cell epitope CAP 1 
(YLSGANLNL) (SEQ ID NO:51)or the enhancer agonist cytotoxic T lymphocyte peptide 
CAP1-6D (YLSGADLNL) (SEQ ID NO: 52) (Zaremba-et al y Cancer Res., 57:4570-7 
(1997)) that has been demonstrated to be more potent at inducing CEA-specific immunity 
in cancer patients (Table 25) (Fong et al., Proc Natl. Acatd. ScL U.S.A., 98:8809-14 
(2001)). 

Table 25. 

Pla^imid Antigeni T cell epitope 

1 pPUCEAwt Full-loigthCEA CAPl 

2 pPL2CEA-610p Full-length CEA CAP1*6D 

[0263] The CEA tumor antigen expression plasmids are constructed on the pPL2 

backbone, a vector that integrates site-specifically into the Listeria genome (Lauer et al., 
Bacteriol.y 184:4177-86 (2002)). The two plasmids will fce constructed so that the secretion 
signal and PEST elements derived from Listeria LLO ar& fused genetically with fuU-lengrtii 
CEA cDNA. Starting from the 5' end of the gene constnact, the fusion protein will consist 
of the N-terminal region of LLO to promote bacterial secretion fused to CEA. Precise 
linkage of the domains will be accomplished by overlapping PCR, The fidelity of all 
plasmid constructs will be confirmed by DNA sequencing. 

EXAMPLE 30 

Derivation of two attenuated recombinant Listeria strains containing pPL2 CEAwt and 
pPL2 CEA-^IOD integrated into Listeria strain L4029 uwAB (AactA, tsuvrAB\ and vm£y 
ei^ression and secretion of CEA. antigens. 
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[0264] Integration of the pPL2-CEA constructs adjacent to the tRNA^ gene in the 

genome of the Listeria strain L4029 uvrAB are accomplished as described previoxisly by 
Lauer et al., 1 Bacteriol, 184:4177-86 (2002). Briefly, plasmids are first introdixced into 
Kcoli strain SMIO by transformation, and then introduced into the desired strain oi Listeria 
by conjugation. Listeria trans-conjugants are selected by chloramphenicol (pPL2) and 
streptomycin {Listeria strain) selective media; the eflBciency of this process is 
approximately 1 x 10"^. To ensure purity of trans-conjugants, and to ensure integration of 
the pPL2 backbone into the bacterial chromosoine, a limited number of candidate? colonies 
are passaged three times by streaking onto fresh selective media. Precise integration of die 
CEA construct into the Listeria genome are confirmed by colony-PCR. 
[02651 Antigen expression and secretion of the LLO-CEA fusion protein are 

deteraiined by Western blotting of whole cell lysates, and TC A precipitated bacterial 
culture fluids. An LLO-specific rabbit polyclonal antibody and a CEA-specific monoclonal 
antibody are used to verify expression and secretion of the LLO-CEA fusion protein firom 
recombinant Lister-ia. One can compare the biological properties of the recombinant 
Listeria strains expressing CEA to their respective parent strain. The growth kinetics in 
brain heart infusion (BHI) broth following inoctilation by dilution of a stationarjr phase 
culture 1:100 into j&eshmedia are determined. In the past we have expressed proteins of 
similar or larger size in Listeria. However, recombinant protein expression of mammalian 
gene products in bacteria might pose a challenge dependent on each individual pxotein. If 
CEA expression in Listeria poses a problem, one canl construct Listeria strains that express 
either fragments of CEA or the T cell mmi-epitope. The HLA* A020 1-restricted CEA 
native T cell epitope CAPl (YLSGANLNL) (SEQ ID NO:5 1) or the enhancer agonist 
cytotoxic T lymphLOcyte peptide CAP1-6D (YLSGADLNL) (SEQ ID NO:52} will be 
embedded m-ftame within Ovalbumin (OVA) of our existing expression constni-Cts, 
whereby the secretion signal and PEST elements derived finom Listeria LLC are fused 
genetically with OVA. Expression and immunogenicity of T cell mini-epitopes are 
conserved as previously demonstrated with the gp70 T cell mini-epitopes, AHl and AHl- 
A5 and B16 Tipl, Trp2, and gplOO (data not slown). 

EXAMPLE 31 
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Establishment of conditions that fully inactivate Listeria acXA/uvi-AB CEA strains by S- 
59AA^A treatment, yet retain optimal naetabolic activity, tumor antigen expression, 
infection of antigen presenting cells and phagolysosomal escape. 

[0266] Metabolic activity as a result of gene expression is best preserved with a 

minimal number of crosslinks. On can readily establish conditions for the minimgil amoimt 
of S-59/UVA. treatment that fully inactivates Listeria actA/uvrAB CEA vaccines, leaving 
antigen expression levels intact An example of inactivation conditions is the addition of S- 
59 psoralen to 200 nM in a log-phase culture of ODgoo = 0.5, followed by inactivation with 
6 J/m^ of UVA light when the culture reaches an optical density of one. Inactivation 
conditionsare optimized by varying concentrations of S-59, UVA dose, the time of S-59 
exposure prior to UVA treatment as well as varying the time of treatment during bacterial 
growth ofthi^Zw/er/aact^/iA^/vlB CEA straixi. The parental Xi^m'a strain is iised as • 
control Inactivation of Listeria (log-kill) is determined by the inability of the bacteria to 
form colonies on BHI (Brain heart infusion) agar plates. In addition, one can confirm the 
expression of CEA and virulence factors, such as LLO and p60, of S-59/UVA. inactivated 
Listeria using ^^S-pulse-chase experiments to detennine the synthesis and secietion of 
newly expressed proteins post S-59 / UVA inactivation. Expression of LLO aaid p60 using 
^^S-metabolic labeling can be routinely determined. S-59/UVA inactivated Listeria 
actAJwrAB CEA will be incubated for 1 hour in the presence of ^^S-Methionine. Antigen 
expression and secretion of the LLO-CEA fusion protein, endogenous LLO, ajid p60 will 
be detennined of both whole cell lysates, and TCA precipitation of bacterial (culture fluids. 
LLO-, p60- and CEA-specific monoclonal arttibodies will be used for inununo- 
precipitation to verify the continued expression and secretion from recombinant Listeria 
post inactivation^ The e3q>ression level of S-59/UVA inactivated Listeria act/4/uvrAB CEA 
will be compared to our current Listeria-OVA vaccine strain fliat results in the induction of 
potent antigen-specific T cell responses. One can select S-59/UVA conditions that lead to 
reproducible full inactivation with limited affect on e?qpression levels of tiie assessed gene 
products. 

EXAMPLE 32 

Establishment of a protocol and vaccine strain for infection of human immatrure dendritic 
cells (DC) with inactivated (S-59/UVA) Listeria aotAJuvrAB CEA vaccines, that results m 
efScient presentation of CEA in context of MHC Class 1. 
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[0267] Optimal conditions for ex vivo infection of DC are detennined based on the 

results of three independent assays: (1) change in phenotype and cjrtokine profile of human 
immature DC upon infection, (2) the potency of Listeria-vofocted DC to it^duce an 
allogeneic T lymphocyte response, and (3) the potency of Listeria actAlus^rAB CEA 
infected DC to stimulate a CEA-specific HLA*A0201-restricted T cell lin« in vitro. 

[0268] 7. Determination and comparisan of the phenotype and cytokine secretion 

profile of human immature DC infected with lix^e and fully inactivated List^ria-CEA strains. 
Comparison of the activation ofListeria4vfect&d human DC with commomfy used 
activation signals such as LPS, TNF-a, andQr'CD40. 

[0269] One can characterize and optimize the efficiency of S-59/trVA inactivated 

Listeria actA/uvr-AB 'CEA strains to iiifect^and activate primary human DC • Human DC are 
enriched ficom itnmobilized peripheral blood as previously described (Fong et al., 7. ViroL, 
76: 1 1033-41 (2O02). Briefly, PBMC are obtained by centrifogationover FicoU-Hypaque 
(Pharmacia, Uppsala, Sweden), and then monooytes are depleted by density centrifugation 
through PercoU (Pharmacia) as previously described Mayordomo etaL,Afe^. Med, 1:1297- 
302 (1995). Monocyte-depleted PBMC are incubated in RPMI 1640 (BioWhittaker, 
Walkersville, MD) supplemented with 10% pooled human AB serum without the addition 
of exogenous cytokines. After a 24-h culture in a humidified incubator at 37°C with 10% 
C02, DC are further enriched fiiom lymphocytes by centrifugation dm>ugh a 15% (w/v) 
metrizdmide gradient (Sigma, St Louis, MO). The phenotype offlieesric^hed DC 
population is verified by flow cytometry (HLA-DR expression and lack of CD3, CD14, 
CD19, and CDS6 e^qpression) and dextran uptalce. To assess the infectivily' of DC with 
Listeria, DC is incubated at different MOI with S-59AJVA inactivated List^^ria actA/uvrAB 
CEA strains for one hour. live Listeria will be iised as comparison. After extensive 
washes to remove any extracellular X/^^^na, infected DC is further incubate in tiie 
presence of 30 ^.g/mL gentaxnicin to kill extracellular bacteria. Phenotypic^ changes upon 
infection of DC 'v/itti Listeria AactAAuvrAB CEA strains are assessed by determining cell 
sur&ce expression of CD80, CD83, CD86, and MHC class U using flow cxtometiy at 
different time points post infection. Expression of T helper-1 and T hsUper—l type 
cytokines is measured firom the supernatant of infected DC cultures using t3ie Cytometric 
Bead Anay Kit CPhanmngen). Infection and activation conditions are conrpared to 
conunonly used stimuli such as LPS, TNF-o, and a-CD40. Infection conditions aie 
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selected that result in potent and consistent stimulation and activation oi" human DC in vitro 
as well as secretion of cytokines that are most similar to the parental live Listeria strain. If 
the overall infectivity of DC isolated from peripheral blood without the use of cytokines is 
low, infection of DC prior to the density gradient centrifugation will be assessed 
Moreover, additional sources of DC such as monocyte-derived DC will be assessed for 
their infectivity for non-viable and live Listeria. Briefly, human monoc^ytes are enriched 
using negative selection and suspended in medium (RPMI- 1640+10% KCS) at 1 x 10^ 
cells/mL, supplemented with 1000 U/mL GrM-CSF and 1000 U/mL IL--4. After 6-7 days of 
culture, the phenotype of the in vitro cultured DC population is verified by flow cytometiy 
and dextran uptake. The phenolic change as well as the cjrtokine seciretion pattern of 
monocyte-derived DC upon Listeria iiifection is assessed as described previously. 

^0270] ' 2. JDeteriniixatioxl and comparison of the stimulatory potency of human 
irmnature DC infected with live or fully inactivated Listeria-CEA straioLS to activate 
allogeneic T cells in vitro, 

[0271] To address the stimulatory capacity of the Zw/ena-infected DC population^ 

one can determine their ability to stimulate primary allo-reactive T cells in mixed leukocyte 
reactions (MLR). It is widely believed that the relative potency of as APC to elicit immune 
responses in vivo, which depends on their activation/maturation state, is reflected by their 
capacity to stimulate an allogeneic T cell response in vitro (Jung et ai., lotnmunity, 17:21 1 
(2002)). Briefly, DC are isolated and infected with fully inactivated Li^^ena actAluvrAB 
CEA. The phenotype of the infected cell population will be verified by flow c3rtometry. 
Various numbers of irradiated (3000 nid) DC are co-cultured with 5 x lO"^ allogeneic 
reqxmders m 96-well U-bottom plates (Costar, Cambridge, MA). PBMC finom random 
donors are used as responders. After 6 days, the cultures are pulsed ixritb 1 fiCi of 
tiiymidine for 18 liours. Cells are harvested onto glass fiber sheets and tiie incorporation of 

tiiymidine will be determined by measuring the radioactivity on the scintillation 
counter. The stimxilatoiy capacity of DC infected with non-viable Listeria is compared to 
DC infected )vifh live Listeria as well as DC activated using stimuli sucli as LPS, TNF-o, 
anda-CD40. 

[0272] 3. Assessment of the potency of LiJf^^na-infected humatft. DC to activate a 

CEA-specific HLA'''A0201-restricted T cell line in vitro. Comparison of immature human 
DC infected with either live or fully mactivated Listeria to peptide-pulsed DC. 
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[0273] Phenotypic changes, cytokine secretions profile as well as the allo- 

stimulatoiy capacity of DC represent an indirect measure for the potency of DC to 
stimulate an antigen-specific T cell response in vivo. The potency of DC to present the 
recombinant tumor antigen expressed by the fixUy inactivated Listeria actA/uvrAB CBA 
strain is assessed on the basis of activation of a- CEA-specific HLA*A0201-restricteci T cell 
line generated by L. Fong (unpublished data). Briefly, DC is isolated fi-om peripheral 
blood of HLA*A0201 positive donors as described in Milestone 3-1 . Various numbers of 
irradiated (3O00 rad) DC, infected under optimal conditions, are co-cultured with 5 x: 10"^ 
CEA-specific HLA*A0201-restricted T cells in 96-well U-bottom plates (Costar, 
Cambridge, MA). After 24 hoxirs, cell supematants are collected. T cell activation is 
measured on the basis of IFN-^, GM-CSF, or lLr-2 secretion. Secreted cytokines are 
determined using commercially available Cytometric Bead Array kits (Phanningen). The 
stimulatory cq)acity of DC infected with non-viable Listeria's compared to DC infected 
with hve Listeria as well as DC activated using stimuli such as LPSs TNF-o, and a-C::D40. 

EXAMPLE 33 

Confirmation of potency of ListeriaAodiisA. primary human DC to prime CEA-specific 
immunity in vitro and select the IssdAListeria strain for further development 

[0274J To confirm that S-59/UVA inactivated Zw/erw-infected DC are capab-le of 

priming naive CEA-specific CD8^ T cell response in vitro, human immature DC, infected 
under the established optimal conditions vn^h Listeria actA/uvrAB CEA, are used to 
stimulate naive T cells in vitro. The lead Listeria actA/uvrAB CEA strain containing either 
the native or altered T cell epitope is selected based on its potency to induce naive CBA- 
specific T cell responses as determined by three independent assays: (1) fH\ thymidime 
incoiporation of the DC-piimed T cell cultures; (2) the cytotoxic activity of primed C3BA- 
specific T cell cultures, measured in a ^^Cr release assay; and (3) the jfrequency of CE^- 
specific T cells determined by peptiderMHC tetramer staining. Optimal infection is 
confirmed by phenotypic changes of DC, assessed by determining cell surfece expression 
of CD80, CD83, CD86, and MHC class II using flow cytometry, as well as the cytoldaie 
profile secreted by the infected DC. For the induction of primary T cell responses, a 
constant number of CD45RA'' T lymphocytes (2 x lOVwell) is co-incubated with vaiying 
■ numbers of irradiated (3,000 R) Listeria4oM DC for 7 days in 96-well, round-bottom 
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microtiter plates. After 6 days, the cultures are pulsed with 1 ^iCi of [^H] thtyinidine for 18 
hours. Cells are harvested onto glass fiter sheets and the incoiporation of ["^H] thymidine 
will be determined by measiuing the radioactivity on the scintillation counter 
(WallacTurkuJ^inland). Furthermore, inductionofCEA-specificT cells is assessed in a 
cytotoxic T cell assay. Briefly, 5 x 10^ CD45RA*T lymphocytes are cultured in parallel 
with irradiated (3,000 R) Listeria-load^d, DC at a 10: 1 ratio in 24-well plates (Costar) at 5 x 
10^ cells/1.5 ml of media. The cytptoxic activity of the T cells is assessed in a standard 4- 
hour^^Cr-release assay after 7 days. Briefly, the target cell lines SW403, SW1417, A375, 
and T2 are incubated in 250 jiCi of [^^Cx] for 2 hours. During this labeling step, T2 cells 
are also incubated without or with the HLA*0201 -restricted target peptides CAPl and 
CAPl -6D. The target cell lines are washed three times with RPMI and plated in triplicate 
with at least 5,000 targets/well in 96-well U-bottom plates (Costar). Effector cells will be 
co-incubafed with the ^'Cr-Iabeled target cells at the' described effectoi/target ratios. After 
a 4-h culture, supematants are harvested and counted in a Microbeta counter* (Wallac, 
Turku, Finland). Percent specific lysis will be calculated by the formula: 
100% X (experimental release — spontaxieous release) / (maximum release — spontaneous 
release). Maximum release is deteimined by lysis of target cells in PBS containing 0.5% 
Triton X^lOO (Sigma). Lastly, one can determine the firequeocy of CEA-specific T cells 
post in i/itro priming using MHC/tetramers presenting CAPl or CAP1-6D, a,s described 
previously (Fong et al., Proc. Natl Acad. ScL U,SA., 98:8809-14 (2001)). Cryopreserved 
CD45RA^ T cells obtained before in vitr'o priming is analyzed in parallel with the in vitro 
primed T cell cultures. A total of 1 x lO^ cells will be stained with the corresponding 
HLA* A020 1 phycoerythrin-labeled MH[C/tetramer for 30 min at room temp erature. 
Antibodies to CDS (used for positive gate) and to CD4, CD14, CD19, and CD56 (negative 
''dump'' gate) are added at the recommended concentrations and incubated for 30 nun at 
4^C. Following the staining, samples are washed twice and analyzed with four-color flow 
cytometzy. We have established the baokground for tetramer staining previously. 
20 volunteer blood donors were assessed with the same mediodology and had 
0.30% db 0.1 8% and 0.27% ± 0. 14% to CEA6OM13 and 610D tetramers, respectively (Fong 
et al., J>roc. Natl Acad Sci. U.SA., 98: 8809-14 (2001)). 

E3:AMPLE34 
Use of proteinase 3 or PRl as a heterologous antigen. 
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[0275] Although some of the procedures outlined in the specific examples above 

describe the use of CEA antigens as the antigen expressed by the modified Listeria^ one of 
ordinary skill in the art will readily recognize that similar procedures may be used to 
prepare a modified Listeria that expresses a different antigen, such as a proteinase-3 or a 
proteinase-3 derived antigen, to infect dendritic cells in vitro or ex v/vo in order to effect 
loading and activation/xnatiuatioiL One of ordinary skill in the art will also recognize that 
the resulting DC vaccines may then be administered to an animal or patient to induce an 
immune response to proteinase-3 and/or PRl. 

[0276] For instance, the IA029''UvrAB Listeria strain described in the Examples 

above may be modified with a vector comprising a pPL2 vector backlDone or the like 
encoding the proteinase-3 gene and/or the PRl epitope to integrate the antigen-expressing 
sequence into the genome of the Listeria. In one exanq)le, the PRl axitigen could be 
expressed as'^paftr^f a fiision protein such as an LLO-0VA/PR1 fosioxi protein comprising a 
truncated LLO sequence fused to OVA in which the PRl epitope has "been embedded. The 
sequence of such an antigenic protein (IXO-OVA/PR3) that could be expressed by the 
modified Listeria is shown in Figure 3 1 . 

EXAMPLE 35 

Measuring the ability of mutant Listeria to escape the phagoljrsosome and promote Class I 

antigen presentation 

[0277] An exemplary protocol for assessing the ability of a particular candidate 

mutant Listeria to escape the phagolysosome of an antigm-presentins cell and promote 
Class I antigen presentation by the cell is as follows: First, DC2.4 cells are grown on 
coverslips. The cells are ftenixifected with the desired Zi^^^ria strain (MOI^lOO). At 0.5 
hpi, the cells rinsed to wash away firee Listeria. At 1 hpi, gentamicin is added at SO ^g/mL. 
At 5 hpi» coverslips are washed and fixed for in 3.5% formaldehyde. The coverslips are 
blocked, stained with rabbit saxti'Listeria antibody (Difco), and detected with a goat-anti- 
rabbit FirC secondary (Vector I^bs). Actin is detected wifli Phalloidin-rhodamine 
(Molecular Probes). The coverslips are mounted with VectamountM>API (Vector Labs) 
and examined. See also Example 17 and Example 25, above. 
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EXAMPLE 36 

Generation of Human Monocyte-Derived Dendritic Cells and Infection with Listeria 

Vaccines 

[0278] An outline of an exemplary protocol for generatioo of human monocyte- 

derived dendritic cells and infection with. Listeria vaccines is presented below: 
[0279] Materials: Human peripheral blood (bnffy coat from blood donor 

preferred); FicoU-Hypaque (Amersham); dPBS w/o Ca, Mg (MediaTech); RPMI-1640 w/ 
L-Glutamine (MediaTech); Fetal Bovine Serum, Defined, Heat Inactivated (HyClone); 
Human GM-CSF (R&D Systems)-stock solution made at 500U/nX and stored at -20''; 
Human JLA (R&D Systems)-stoc]c solution made at 200U/fiL and stored at -20^; Costar 
24-weU plates (Fisher). 

[0280] Monocyte Isolatioii. Media (MINQ: To ihake Solution 1 CtsoSoiotic PeicoU), 

SO mL of NaCl sohition (500 mL dH20, 43.84 g NaCl (1 .SM))is andded to 450 mL Percoll 
and mixed Solution 2 (PBS/Citiate) is prepared by mixing 1000 xnL dHiO, 205.6 mg 
NaH2P04*2H20 (1.49mM), 1.30 g Na2HP04 (9.15 mM)), 8.18 g ISfaCl (139.97 mM), and 
3.82g C6HsNa307*2H20 (13 mM) and bringmg the pH to 7.2. 250 mL of isosmotic peicoU 
is then mixed with 250 mL of PBS/citrate. The solution is sterile £ltared and stored at 4^ 
[0281] Culture media: RFMI-1640 w. GlutaMax (Gibco) -I- 10% Fetal Calf Serum 

(Defined, heat inactivated FCS fiozn HyClone is used). 

[0282] Methods: Ficoll and MIM are wanned to room tecnperature. 20mLof 

Ficoll into into each of 2 SO mL conical tubes. Blood is diluted 2 fold with dPBS and 
mixed well. 25 mL of blood is layered on top of Ficoll in each tube. The tubes are 
centrifiiged at 400 xg for 30 minutes at 18-20''. 

[0283] The monuclear interfoce is carefiiUy harvested from the gradient, and placed 

into a clean 50 mL tube. The reinainder of tiie tube is filled with c3PBS. Thetubeis 
centrifiiged at 100 xg for 15 minutes. This pellets the lymphocytes and monocytes, but 
leave the platelets suspended. The supernatant is aspirated. The steps of filling the 
remainder of the tube with dPBS, Centrifugmg, and asphating are repeated two more times, 
for a total of 3 washes. 

[0284] The pellet is resuspended in 20 mL of dPBS. The suspension is layered onto 

20 mL of MIM. The sample is centrifiiged at 400 xg for 35 minutes at room temperature. 
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The monocytes are harvested from the interface and transferee! into a clean tube containing 
culture media. If culturing DC to use with bacteria, do not use antibiotics.) 
[0285] \ The sample is centrifuged at 400 xg for 1 0 minutes and the supernatant 
aspirated. The pellet is washed 4x in dPBS. After the final wash, cell pellet is resuspeixded 
in RPMI-1640 +10% FCS. The sample is then counted on hemacytometer using Trypan 
Blue or using automated coimter. The cell suspension is diluted to 1 x 10^ cells per mL- 
For each mL of cell suspension, 500U GM-CSF and 200U IL-4 is added (1 |iL per mL of 
each if stocks were made as described above). 1 mL per well is plated into Costar 24-well 
plates- The plates are placedat 37^C, 5% CO2, 100^ humidity for 48 hours. 
[0286] On second day, feeding media for dendritic cells is made up. This consists 

of 0.5mL culture media (warm to 37"* before use) per well cultured, with 500U/mL OM- 
CSF and 200U/mL IL^. O.S mL from the top of each well is aspirated and replaced witih 
6.5 liiL of fresh feeding media. PLatesaie placed at 37^C, 5% CO2, 100% luxmidity for -48" 
' additional hours. Feeding is repeated on day 4. On. day 5, cells are ready for use. The cells 
should always be kq)t in GM-CSF and IL-4 containing media, or ttiey will revert to 
macrophages. The dendritic cells are examined phenotypicaUy on the cytometer looldns at 
HLA-DR, CDla, CD83, and CD86. 
[0287] Listeria Infection of Human DC: 

[0288] The day S dendritic cells (DC) are pelleted and resuspended in fresh media 

withGM<;SFandII^at2xlO^ cells per mL. 500 pL of suspension is aliquoted to eacli 
weU of a 24 well plate. Maturation stimuli or bacteria is added in 500 pL. 1 pg of LPS Is 
used for maturation controL (lOOOU of IFN-y or 1 fog of sCD40L can be added to augment 
ttiis response.) ForLi^/erza infection, between 10-1 00 ££F/erto per DC is used. Cells are 
infected for 1 hour, tihen extracellular bacteria is washed away and cells are resuspended in 
media containing 50)j.g/mL gentamicin. sCD40L will can be added to enhance DC survival • 
and promote greater IL-12p70 release. lOOOU/mL IFN- y can be added to augment 
maturation and IL-12p70 secretion. The DC are examined phenotypicaUy on the cytometer 
looking at HLA-DR, CDla, CD83, and CD86. 
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EXAMPLE 37 
Asporagenicf. anthracis vaccine strains 

10289] The spoHE in-frame deletion. The spoIIE region of A anthracis is 

identified by homology to the same gene io. B. subtilis. In order to isolate an in-fiame 
deletion of jB. anthracis SpoIIE, the spoIIE gene is first amplified by PGR and cloned it into 
pCR-Blunt n-TOPO (Invitrogen). Next, nxost of the spoIIE gene is deleted by vtsing the 
technique of gene spUcing by overlap extension (SOE) (Horton et al., Biotechnicques 8:528- 
35 (1990)). This in-fiame deleted spoIIE gene is cloned into the shuttle vector pKSV7, 
which carries a chloramphenicol-resistances gene and cannot replicate at 42**C (Smith et al., 
BiocMmie^ 74:705-1 1 (1992)); pKSV7 coixtaining flie deleted spoIIE gene is thetn 
electroporated into 5. anthracis^ and cells are grown at 42®C in the presence of 
chloiampbienicol to select for strains in which the plasmid has integrated by honxologous 
recombination into the spoIIE gene. Further growth at 30^C without chloramphenicol 
selection allows excision and loss of the plasmid. Chloramphenicol-sensitive strains should 
be found at about 1%, and about half of them should contain the deleted spoIIE allele 
(CamilU et al., (1 993)). The presence of the deletion is confirmed by PGR and S outh^n 
blot analyses. 

[0290] The spoUE/uvrAB double d&letion strain. Starting with the j^/^oiZS deletion 

strain, an in-fiame deletion of the tsvrA and uvrB genes is made. Once again, the genes of 
interest are amplified and and cloned into pCR-Bhmt II-TOPO. Then we shall delete most 
of the uvrA and uvrB genes by the SOB teclmique. This in-fiame deleted uvrAB region is 
cloned into pKS V7, and the construct is electroporated into the B. anthracis spoTIE deletion 
strain. Chloiamphenicol-resistance is selected at 42^C in order to select for the mtegration 
of the plasmid into the uvrAB region. Giowih at 30^C without drug selection is allowed in 
order to encourage the growth of segregants that have lost the plasmid. Chloramphenicol- 
sensitive colonies are picked and tested by PGR for loss of the uvrAB region, and that loss 
wiU be coxifinned by Southern blot analysis. 

EXAJ^LE38 
A temperature sensitive recA mutant of B. anthracis 

[0291] To generate a temperature sensitive recA mutant of A anthracis which 

grows well at 30C and is very sensitive to psoralen at 42C, a mutation is made in. B. 
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anthracis which is analogous to the V246M mutation of the temperature sensitive recA 
mutant of E. coli, recA44 (Kawashima et al, 193:288-92 (1984)). To make the B, 
anthracis mutant, the sequence 245KVVKNK250 (SEQ ID NO:46), which is conserved 
between E. coli and B, anthracis, is mutated. The V246M mutation is introduced into the 
cloned B, anthracis recA gene by mismatched oligonucleotide mutagenesis, using the 
Stratagene Quick Change kit. The mutations are confmned by sequence analysis, and the 
mutated gene is transferred into pKS V7, in order that they can be intiroduced into the 
chromosome otB. anthracis spoBB uvrAB by allelic exchange. Alternatively, the recA 
gene from the B, anthracis strains is deleted and replaced with the recA44(ts) allele of E. 
coli. (It is known that 5. anthracis r^cA functions in E. coli (Ko et al., J. Bacteriol 
184:3917-22(2002)).) 

EXAMPLE 39 

Introduction of mutations in the active sites of A anthraais antigens 

[0292] The lethal factor mutation H686A inactivates its protease activity, and the 

edema fiactor mutations K346Q and K353Q (together) inactivate its adenyl cyclase activity 
(Brossier et al. Infect. Immun., 68:1781-6 (2000)). These mutations are introduced into B. 
anthracis strains to be used in vaccines, such as the spoIIE uvrAB and spoIIE uvrAB recAts 
strains. The lef (lethal factor) and cya (edema factor, adenyl cyclase) genes are cloned and 
mutagenized with the Quick Change kit (Stratagene) to create the mutant genes. The 
mutant genes are then transferred to pKSV? and finally introduced into flie host pXOl 
plasmid by allelic exchange. 

EXAMPLE 40 

The use of SOS regulatory sequences for ea5)ressing protective antigen at high levels 

102931 Cheo et al (Cheo et al., J. Bacteriol,, 175:5907-15 (19^3)) have shown that 

the consensus sequence GAACN4GTTC (SEQ ID NO:47) defines the LexA repressor site 
for genes in the SOS response of B. subtilis. A similar consensus sequence upstream of the 
promoters for the B, anthracis recA and uvrAB genes, wMch are part of the SOS regulon, 
is to be located To make a B. anthraais strain that expresses protective antigen at high 
levels, the protective antigen gene is pxjt under the control of the SOS jegulatoiy sequence 
and introduced it into B. anthracis spoIIE uvrAB strain, so fliat treatment with psoralen will 
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cause high levels of protective antigen to be made. In order to iiusert this artificial gene into 
the B. anthr-acis chromosome, an integration vector, such as pPL2, is used (Lauer et al, J. 
Bacteriol, 184:4177-86 (2002)). The gene of interest, in this case the protective antigen 
gene under control of a promoter, is inserted in the multicloning site. The plasmid is mated, 
from E. coli into anthracis strains. Since it cannot replicate in. gram-positive bacteria, it 
can only be maintained by integration into the chromosome. The current pPL2 vector 
contains a phage integrase and phage attachment site from L. monocytogenes^ and 
therefore, inust be modified by removing the L. monocytogenes phage integrase gene and 
phage attacbment site and replacing them with similar elements firom a phage of ^. 
anthracis^ such as ganama phage (Brown et al., J. Infect Dis., 96:34-9 (1955)). Also, the 
pPL2 vector typically contains chloramphenicol-resistance genes for selection. Since dmg 
resistance genes are undesirable for vaccine work, they are removed. One of the drug 
resistance genes has beenTeplaced by ttie gene for D-alanine racemase, which synthesizes 
D-alanine axid allows a D-alanine auxotroph to grow on rich meddLum without the addition 
of D-alanine. The other drug resistance gene is replaced by the g^ne for glutamine 
synthetase, ^hich synthesizes glutamine and allows growth of a glutamine synthetase 
mutant bacterium on rich medium ivithout glutamine. 

EXAMPLE 41 
Exemplary mutant B. anthracis strains 

[0294] A variety of different mutant B. anthracis strains axe prepared using 

combinations of the methods described ixi the Examples, above. Exemplary mutant B. 
anthracis stxains to be used in vaccine compositions are listed in ITable 26. 



Table 26* B. anthracis strains and candidate vaccines 



strain and/or Genotype 


Relevant Characteiristlcs and Phenotype 


Use and Vaccine Strain Number 


AmespX01+/pX02+ 


Fully vinilent wild-type B. anthracis 
(Toxigenic and encapsulated) 


InitiaL host strain for constniction of 
all vaccine candidates 
ProduLCtion of virulent spores for 
challenge experiments in mice and 

^[uinea pigs 


Sterne 

pX0I+/pX02- 


Toxigenic, non-encapsulated 


Produiction of virulent spores for 
challe:iige experiments in mice and 
guinea pigs 


j/w/ffipX01+/pX02+ 


Non-sporogenic 
Toxigenic, encapsulated 


VaccLne strain #1 


SpoJIE/uvrAB 
pX01+/pX02+ 


Non-sporogenic 

NER.* (Increased S-59AJVA sensitivity) 
Toxisenic encapsulated 


Vaccuie strain #2 
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pX01+/pX02+ 


Non-sporogenic 

NER- (Increased S-59/LJVA sensitivity) 
Toxigenic, encapsulated 


Vaccine strain #3 


SpoUEIuy/rAB/recA is 
pX01+/pX02+ 


Non-sporogenic 
NER-/conditionaI HR-^ 
(Increased S-59 AJVA sensitivity) 
Toxigenic, encapsulated 


Vaccine strain #4 


spoIIE/uvrAB/ pXOl 
(&)586/trvfl346/35)/pX02+ 


Non-sporogenic 

NBR- (Increased S-59/UVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EP functional domains 
mutated) 


Vaccine strain #S 


spdIEAryrAB/recA ts/ 

pX01(/^86/o^a34d/3Sy 

pX02+ 


Non-sporogenic 
NER-Zconditional HR- 
(Increased S-S9/UVA sensitivity) 
Encapsulated * 
Non-toxigenic (LF/EF functional domains 
mutated) 


Vaccine strain #6 


spoIIEAtvrAB/ 

pXOl (/^86/cva346/3Sy 

pX(»f/ 


Nonrsporogenic 

NER- (Increased S^S9/CJVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EF functional domains 

mutated) 

$-59 psoralen inducible PA 


Vacdne strain #7 


spoUE/wrAB/recA ts/ 

pX0\(ie/6S6/cya346/35y 

pXOW 


Non-sporogenic 
NER-Zconditional HR- 
(Increased S-S9/UVA sensitivity) 
Encapsulated 

Non-toxigenic (If /EF functional domains 
mutated) 

S-S9 psoralen inibicible PA 


Vaccine strain #8 

V. 



*NER, nucleotide excision repair 

%(mditioiial recA strains under the control of a lad repressible promoter will also be derived 
^HR, homologous recombination 



EXAMPLE 42 

Cfaaracterizatiou of protein expression l&vels, including protective antigen and capsiile, in 

psoialen-inactivatedjS. anthracis strains 

[0295] To show that inactivated anthracis strains can still metabolize, the cells 

are incubated in minimal medium with bicarbonate (Thome et al., J. Gen. 
MicrobioL,17:505-16 (1957)). After such, incubation the cells are removed by 
centrifugation and save the supernatant The supernatant is subjected to SDS- 
polyacrylamide gel electrophoresis. After staining with Coomassie Blue, protective antigen 
stands out, and its presence is confirmed by Western blot analysis (Brossier et al., Infect. 
Tmniiin, 68:5731-4 (2000)) and by mass spectometry. In addition, mass spectromettjr is 
used to identify the other proteins that are excreted under these conditions, using the 
methods described in Lenz et al., Proc. Natl. Acad. Sci. U.S.A., 100: 12432-12437 (2O03). 
In order to assess whether poly^utamate capsule is made imder these conditions, pX02, 
which encodes the genes for capsule synthesis, is introduced into the straios by transduction 
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and (Green et al.. Infect. Immun., 49:291-7 (1985). Capsule is measured by rocket 
immunoelectrophoresis (Uchida et aL, MoL Microbiol, 23:1229-40 (1 997)). 

EXAMPLE 43 

Characterization of the humoral and mucosal responses in Swiss Webster and A/J mice 
immunized with attenuated B. anthracis strains 

[0296] Mouse Immunization. Mic e are injected with the S-59/TJVA vaccines by flie 

intramuscular (IM) or the subcutaneous (S C) routes to determine whic^l route of 
immunization results in the best bacterial-specific himioral and cellulaa: responses. 
Intranasal (IN) immunization of mice is also tested to assess mucosa] iresponses induced by 
the candidate vaccines. IN immunization >vith 5 jil of a designated vaccine preparation into 
each naie of lightly anesthetized mice is performed as described previously:(Boyaka,' et al., 
J. ImmunoLy 170: 5636-43 (2003)) Mice are immunized with 0.1 LD50 doses of the 
candidate vaccines. Any of the eight S-59/UVA inactivated vaccine candidates in which a 
median lethality level is not observed is gix^en at an initial dose of 10^ particles. Mice that 
are immunized by more than one route are not injected with a combined dose that exceeds 
the 0.1 LDso dose, or is greater than lO^.particles. Mice given multiple immunizations 
receive consistent vaccine doses with all iryections. As immimizatioa on three consecutive 
days with S-59/UVA inactivated Listeria uvrAB resulted in increased htumoral and cellular 
inxmunity as compared to a single immunization, the same strategy is u^ed with the B, 
anthracis strain vaccines. Mice are also given booster immunizations at 14 days and 28 
days following the primary immunization. 

[0297] Quantification of antibodies^ to PA, LF, EF, capsule, and whole bacteria. 

The mucosal and antibody responses in mioe immunized with the varioiis vaccine 
candidates are characterized. Sera is taken from the retroorbital plexvis prior to 
immunization as well as 1 week after each immunization (W e have lAOUUC approval for 
a maximum of five retroorbital plexus procedures per mouse with blood sampling not to 
exceed one per week, and to be taken fiom alternating eyes). Saliva and nasal washes for 
measurement of IgA levels are performed at the time of sacrifice one week after the final 
immunizatiorL The durability of the humoral and mucosal immxmity iaduced by the 
candidate vaccines at 45 days after the final immunization is also chaiaoterized . Humoral 
and mucosal responses against PA, capsule^ and vegetative bacteria (Sterne strain) are 
determined by enzyme-linked immunosorbent assays (ELISAs), as published previously 
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(Baaardct aUProcNatLAcaci. ScL aSA, 93:12531-4(1996); Rhie et al, Proc. JVa//. 
AcadScL 100:10925-30 (2003)). Briefly, Immuloa 96-well Maxisoip plates 

(Nalge Nunc) are first coated by 5\ig purified PA, LF, EF, B SA conjugated with poIy-y-D- 
glutamic acid (PGA) capsule prepared as described previously.(Rhie et al., Proc. Natl 
Acad. ScL USA, 100: 10925-30 (2003)), or with S-59 psoralenAJVA inactivated bacteria 
ground under liquid nitrogen rising a mortar and pestle in SOxoM carbonate buffer (pH9.6) 
at A^C for 16 h, and blocked with TSTA buffer (50mMTris QpH 7.6], 142 mM NaCl, 0.05% 
sodimn azide, 0.05% Tween 20, 2% bovine serum albumin). Serial two-fold dilutions of 
mouse plasma or mucosal secretions are added to the 96-weU plates coated with PA, POA- 
BSA, or Sterne respectively. Binding of Abs to the inmiobilized antigens is determined by 
incubation with isotype-speci&c peroxidase goat anti-mouse ^, y, or a H cham-^ecific 
antibodies from Southern Biotechnology Associates (BinninL£ham, AL). Biotinylated rat 
anti-mouse y 1 (clone Gl-7.3), y 2a (clone* Rl 9-1:5), y 2b (clone R12-3), or y 3 (clone R40- 
82) H chain-specific mAbs (BO PharMingen, San Diego, CAl) and streptavidin-conjugated 
peroxidase are used for IgO Ab subclass analysis (Cole, 7. B^cterioL, 107:846-52 (1971); 
Cole et al., Basic Life ScL, 5B:487-95 (1975)). The colorimietric reaction is developed by 
addition of ABTS substrate (Sigma-Aldrich, St. Louis, MO). End-point titers are cTipressed. 
as the neciprocal logi dilution giving OD415 > two standard deviations above those 
obtained with control, non-immunized mice. 

[0298] Enzyme-linked immunospot (EUSPOI) assay for the detection oflg- 

secreting cells. The firequency of PA-specific Ig-secreting lymphocytes is determined by 
BUSPOT analysis (Boyaka et al., J. Immunol, 170:5636-43 (2003)). Briefly, spleens or 
cervical lymph nodes of vaccinated and control mice are rapidly dissected out and placed in. 
ice-cooled RPM 1640 medium and single cell suspensions axe prepared. 96-weU PVDF- 
based plates (BD Biosciences, San Jose) are coated ovemigtrt with 2.5 ^g/ml purified PA 
(List Biological Labomtories, Campbell, CA). The plates aie washed, blocked for 2 hrs at 
37^C with 200 fil complete RPMI, and serial dilutions of cell suspensions are added to 96- 
well plates. Cells are incubated on the plates for 6 hours at 37°C in 5% CO2. Antigen- 
specific Antibody Forming Cells (AFC) are detected with isotype-specific biotin-labeled 
anti-mouse (i, y, or a H chain-specific antibodies (Southern Biotechnology Associates). 
After incubation at RT for 2 h, the plates are washed, and goat anti-biotin: Inm'Gold 
conjugate (OABl; Ted Pella) is added for 1 hour at RT. After extensive washing, 30 ^1 of 
the silver substrate (Silver Enhancing Kit; Ted Pella) is added into each well and the spot 
development is monitored. Spots in each well are counted using an automated ELISPOT 
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plate reader (CTL, Cleveland). The humoral response is expressed as the niinib^r of 
antibody forming cells per 106 spleen or lymph node cells. 

[0299] Toxin Neutralization Assays. T^eutralizing antibodies induced icx mice 

immunized with the vaccine candidates are evaluated for the ability to protect tGhe J774 
macix)phage cell line from lethal toxin (PA+LF) (Mock et al., Annu. Rev, MicrobioL, 
55:647-71 (2001); Boyaka et al. (2003); Rhi© et al. (2003)) Briefly, J774 cells <ATCC, 
Manassus, VA) are added to 96-well flat-bottom plates (Nunc) at 5 XIO"* cells/well and 
incubated for 12 horns at 37^ C in 5% C02. Test serum or mucosal secretions are serially 
diluted two-fold in TSTAbuflfer. PAandLF (400 ng/ml PA and 40 ng/ml LF) are added to 
the antiserum dilutions. After incubation for ' 1 hour flie antiserum/lethal toxin complex 
mixture is added to the cell suspension and incubated for an additional S hours. Cell 
viability is monitored by the MTT assay (absorbance measured at 540nm). Assays are 
performed in triplicate with a tfegative control (normal serum) and a positive control 
(MAbs, 14B7 and 1G3) (Mikesell et ai.Jnfect Immun., 39:371-6 (1981); Stamfcach et al.. 
Nature, 9, (2003)) included in each plate. The mean and standard deviation of each 
triplicate sample dilution is calculated. The endpoint is expressed as the highest s^imi 
dilution exliibiting 50% neutralization of die anthrax toxin as compared to nonaoal control 
serum. 

EXAMPLE 44 

Chaiacterization of the PA-, LF-, and EF-specific CD4+ T cell-mediated responses in A/J 
mice vaccinated with, modified B. anthracis 

[0300] Tcell Proliferation. CD4+ T cell proliferation are determined fiom PBMC, 

spleen and lymph node cells of vaccinated and naive A/J mice. Spleen and cervical lymph 
nodes aie dispersed to obtain single cell suspensions as previously described (Boyaka et al., 
/. Immmal, 162: 122-8 (1999); Ullard et al., /. Immunol,, 166:162-169 (2001); Littie et 

Infect Jmmun., 65:5171-5 (1997)). CD4-+T cells are isolated by negative selection 
using the Mouse CD4+ T cell isolation kit from Miltenyi Biotec (Auburn, CA) . Purified 
CD4+ T cells fix)m individual mouse spleens , from pooled lymph nodes or PBEvICs are 
cultured at 4 x 106 cells/ml and stimulated with vaiying concentrations of FA, LF or EF in 
the presemce of T-cell-depleted, non-dividing syngeneic naive spleen feeder cells (8X10^, 
cells/ml) in complete RPMI (RPMI si5)plemented with 10% FBS, lOmM Hepes, 2 mM Lr- 
glutamine, IvaM Sodium Pyruvate, non-essential amino acids, 23.8 mM Sodium 
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Bicarbonate, 5 X 10"^ M ^-Mercapthoethanol, 100 U/ml penicillia and 100 Ug/ml 
streptomycin). The replication of splenic feeder celk is arrested by brief photochemical 
treatment with S-59 psoralen. Cultmres are incubated for 4 days at 37°C and 5% CO2 prior 
to addition of 0.5 ^Ci of tritiated thymidine ([3H]TdR) for the final 18 to 20 hours. The 
cells are harvested onto glass fiber sheets and the amount of incorporated thymidine is 
determined by measuring the radioactivity on the scintillation counter (Wallac, Twku, 
Finland). 

[0301] Analysis of PA-, EF"-- or LF-induced cytokine responses, CD4+ T cells are 

isolated by negative selection using the Mouse CD4+ T cell isolatioan kit £rom Nfiltenyi 
Biotec (Auburn, CA), Purified CD4+ T cells from spleens or lyn^h. node of individual 
mice are cultured in round-bottom 96-well plates at 1 X 10^ cellsAvell and stimulated with 
varying concentrations of PA» LF or EF in the presence of T cell-depleted, non-dividing 
syngeneic naive spleen feeder cells (IX 10^ cells/well) in complete RPMI. The T cell- 
depleted spleen feeder cells are arrested by a brief photochemical treatment with S-S9. T 
cell cultures are incubated for2 days at 37^C and 5% C02. Expression of T helper-1 andT 
h.elper-2 cytokines is determined from siQ)eraatants of antigen-stimvilated CD4+ T cells 
using the Thl/Th2 Cytometric Bead Array kit (BD Pharmingen, ^zrx Diego, CA). 

EXAMPLE44 

Characterization of the extent of protection against spore and letbial toxin challenge in 
Swiss Webster and A/J mice at 45 days post last immunization dose with modified B, 

anthrads vaccines 

[O302] Protection of mice against lethal toxin challenge, ISfice immunized with 

selected candidate vaccines are challenged by tail vein injection witb lethal toxin, as 
described previously (Price etaL, Infect. Immun.^ 69:4509-15 (200L); Rhie et al. (2003)). 
Lethal toxin is prepared by noixing recombinant PA and LF recombinant proteins (List 
Biological Laboratories, Canq^bell^ CA) as described (Rhie et al. (2O03)). The lethal toxin 
IV LD50 per mouse is approximately 12 ^g of PA mixed with 6 pg o f LF. The median 
lethality in mice of fineshly prepared lethal toxin is determined by tall vein injection over a 
0 . 1-10 LDso dose range of the published values. The protection studies will likely include 
lethal toxin challenge over a range of 5-10 tunes the U^so dose. In tliis model, unprotected 
mice succumb within 24 h. Initially, death by anthrax is confirmed in selected mice by 
plating blood on tiyptic soy agar and incubating ovemigfht at 37^ C. Plates are observed 
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for colonies with 2-3rxim typical anthracis-like "ground glass" appearance. All mice 
treated with iethal toxin are monitored daily, and experiments are terminated after 2 weeks 
and all protected mice are sacrificed. 

(0303] Spore preparation. Sterne strain spores are prepared as described (Barnard 

and Friedlander, 1999)- Briefly, single colonies are inoculated into 5 ml of FA mediunoL 
(3.3% tryptone, 2% yeast extract [dialyzed overnight against water], 0.2% L-histidine, 
0.8% Na2HP04, 0.4% KH2PO4, 0.74% NaCl) contained in a 100-ml bottle and shaken for 5 
h at "iTC. One-tentii-milliliter aliquots are spread on L agar plates, and incubated at 37^C. 
Bacterial lawns are scraped from the plates, washed extensively with sterile water, heat 
shocked for 30 min at 60*=*C, washed with water, purified on 58% Renografin-76 (Bristol- 
Myers Squibb, Princeton, N.J.) in water, as previously described (Palucka et al., Nature 
Medicine, 5:868-870 (1999)), and washed once more with water. The spores are then 
sedimented to a pellet at 10,000 x g and resuspended in 1% phenol in water. This yield of 
this process has been published to range from 0.5 x lOf to 5.0 x 10^ spores per plate. 

[0304] Proteation of mice against lethal sparse challenge. The LD50 value of hesit- 

shocked Sterne strain, spores given by intramuscular (IM) injection is detemoined over a. 
dose range of 10^ to 1 0^ spores. To evaluate protection in vaccinated mice against 
inhalation anthrax, cballenge experiments are also performed by intratrachial (TT) spore 
administration, as described previously (Brook et al. , J. Med. Microbiol,^ 50:702-1 1 
(2001)). Briefly, the tongue of immobilized and anesthetized mice are gently pulled 
outward and laterailjr with forceps, and the vaccine is delivered using a syringe fitted with a 
blunt 1.5 inch 22-gauge needle bent at a gentle angle, approximately 1 inch fiom the tip. 
We anticipate that the Steme strain LD50 value admimistered by IM or IT routes is 
approxnnately 10^ in A/J mice, and up to lO-foM higher in Swiss Webster mice. The 
protection studies include up to 100 LD50 dose spore challenge. AU mice treated wifli 
spores are monitored daily, and experiments are terooinated after 2 weeks and all protected 
mice aie sacrificed. In all challenge e^eriments, ttxe mean time to death is determined in 
non-surviving cohorts. 
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EXAMPLE 45 

Protective immuiiity of ih& Listeria vaccines against challenge -with Vaccinia expressing 

OVA model antigen in mice 

[0305] The vaccines of the invention show protective imn m mization against a . 

Listeria challenge- To further illustrate the ability to immunize and protect against a 
pathogen. Listeria vaccmes with or wifliout OVA antigen and with and without S-59 UVA^ 
treatment (second method of Example 1 3, above) are used to immunize against another 
microbe, e.g. vaccinia virus that e>q)resses the OVA antigen (W-OVA). This will 
demonstrate that an antigen specifiLc immunization against other microbes can be achieved 
with a Listeria vaccine. 

[0306] Vaccinia virus (WR strain) expressing OVA is obtained from La Jolla 

Research Institute and prepared in Vero cells using Opticell chambers (BioCrystal, OH). 
Opticell chambers are seeded witbi Vero cells in Eagle's Minuoal Essential Medium 
supplemented with I^glutamine, P/S (penicillin/steiptomycin), NEAA (non-essential amiixo 
acids), NaHCQs, and 10% FBS. When the cells are at approximately 75% confluence, the 
growth medium is removed and replaced with fiesh medium cootaimng approximately 1 x 
10^ PFU/mL of W-OVA. When the monolayers show >50% cytopathic effect, cells and 
supematants arc harvested, subjected to three freeze-thaw cycles., clarified and stored at -80 

The titer is determined by a plaque assay on Vero-76 cells. Ovalbumin e:q)ression by 
tibie vaccinia is confirmed by a western blot analysis prior to iojection into the mice . 
[0307] C57B1/6 mice (3 per group) are vaccinated IV according to Table 27 and 

challenged on day 7 with IP injection of 1 x 10^ PFU of the W-OVA. On day 12, the mioe 
are euthanized and the ovaries are harvested and observed for gross pathology. The ovaries 
are also assayed for vaccinia plaque forming units. Paired ovaries from individual mice ar*e 
homogenized in 1 mL of buffer, &ozen (liquid nitrogen) and tha-wed (37 **C) three cycles, 
with vortexing betwerai each cycle, then stored at -80 ^C. To assay, samples are thawed, 
centrifiiged at 4 ^'C to remove debxis, and serially diluted for api>lication to Vero cells. 
Vero-76 cells are plated in 6-well tissue culture plates. When 1h.e cell monolayers reach a 
confluence of about 70-85%, the xnedium is aspirated fiom each well and the cells are 
inoculated with 1 mL of tiie q^ropriate dilution of ovary homogenate preparation. After sit 
least one hour, the medium is aspirated and replaced with 3 mL of 1 :1 2x growth 
medium: 1.5% agarose. Plaques are enumerated after 3-4 days of culture. 
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Table 27 Vaccination of mice with Listeria monocytogenes expressiixg OVA and 
challenged with vaccinia expressing OVA. 



YovCUlc Suain 


ireanneut 


vaccinanon oays 


Vacciaation dose* 






n 
u 


1 ^^t\ . . T 

ICJU p-L 


naciA 




n 

w 


1 ir in' 




S-59 UVA 


0 12 


1 Y in* 

X A. iU 


AactA OVA 




0 


1 xlO' 


AactA OVA 


S-59 UVA 


0,1,2 


1 X 10' 


AactAAuvrAB 






1 xlO' 


AactAAuvrAJB 


S-59 UVA 


0.1.2 


1 XlO" 


AactAAuvrAB OVA 






1 XlO' 


AactAAuvrAB OVA 


S-59 UVA 


0, 1,2 


1 XlO" 


AactAAuvrAB OVA 


Heat-ldlled 


0,1,2 


1 XlO" 



♦Initial dose, day 1 and 2 doses are 10-fold lower. All doses 100 jiL HBSS. 



[0308] All publications, patents, patent applications, and accession numbers 

(including both polynucleotide and polypeptide sequences) cited herein are hereby 
incorporated by reference in their entirety for all purposes to the same extent as if each 
individual publication, patent or patent application were specifically and individually 
indicated to be so incorporated by reference. 
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Applicant's or agent's 


International application No. - 


filcrefcrcncc 2821 7 2002840 


PCT/US2O04/003671 



INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 

(PCTRule!3Ais) 



/A. The indications made below relate to the deposited microoiganism or other bioiogical material referred to in the description 
on page 84 , line 32-33 (paragr^aph [0178 ]) as BP-lAOl^uvrAB 



B. IDENTIFICATION OF DEPOSIT 



Further deposits are identiiied on an additional sheet |^ 



Name of depositary institution 



American Type Culture Collection (ATCC) 



Address of depositary institution (mciudlng postal code and country) 

10801 University Blvd. 
Manassas, Virginia 2Q110-2209 
United States of A&ierica 



Date of deposit 



03 October 2003 



Accession Number 
PTA-5563 



C. ADDITIONAL INDICATIONS ^eave blank if not applicable) This information is continued on an additional sheet 



Listeria monocytogenes AactAAnvrAB mutant 



D. DESIGNATCD STATES FOR WHICH INDICATIONS ARE MADjS(2ri^ indications are notfor all deslgnat&d States) 



E. SEPARATE FURNISHING OP IINDICATIONS (leave blank if not applicable^ 



rtie indications listed below will be submitted to the International Bureau later (specif ihe general nature cf the imUcatlottsAg^,, "Accession 



For teceJvIng OfQoe use only 



^ This sheet was received with (be International application 



LUthorized officer 



For International Bureau use only 



n This sheet was recei; 



lonai Bureau on: 



Authorized offip^ 




niPCT/R0^134(jQly1998) 
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10801 University Blvd • Manassas, VA 20110-J2O9 • Telephone: 703-365-2700 • FAX: 703O65-2745 

BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNArjONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TQ RULE 7,3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10. 



To: (Name and Address of Depositor or Attorney) 

Cerus Corporation 
Attn: John Tessman 
2411 Stanwell Drive 
Concord, CA 94520 

Deposited on Sehalf of: C^iis Corporation 

Identificatipn Reference by Depositor: Patent Deposit Designation 

Listeria monocytogenes. actA/inIB double mutant: actA/inIB PTA-5562 
Listeria monocytogenes actA/uvrAB double mutant actAyuvrAB PTA-5563 

The deposits were accompanied by: a scientific description . a proposed taxonoinic description indicated 

above. The deposits were received Octobers, 2003 b:y this International Depository Authoxi^ and have been 
accepted. 

AT YOUR WEQUEST: X, We will inform you of requests for the strains for 30 years. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one*s right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the Unitec3 States Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures should die.or be destroyed during tlie effective term of the deposit, it shall be your 
responsibility to replace them with living cultures of "the same. 

The strains will be maintauied for a period of at least 30 years from date of deposit^ or five years after the 
most recent request for a sample, whichever Is longer. The United States and many otiier countries are 
signatory to tlie Budapest Treaty. 

The viability -of the cultures cited above was tested October IS. 2003. • On that date» the cul-tures were viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 20 3 10-2209 USA. 
Signature of person having authority to represent AXCC: 




Date: November 10. 2003, 



Marie Harris, Patent Specialist, ATCC Patent Depository 



cc: Alicia Hager 

(Ref: Docket or Case No.: 28217-3002900) 
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filereference 282172002840 



International applicationNo. 
PCT/US2004/00367 1 



INDICATIONS RELATING TO DEPOSITED MICROOR.GANISIVI 
OR OTHER BIOLOGICAL MATERIAL 



(PCX Rule 13Afe) 



REC'D 16 JUL 200* 



PCT 



A The indications made below relate to the deposited microoiEanism or other biological material referred to in the description 
100 ^ .line 25-26 (paragraph [0208] ) asDP-IA406actA 



on page 



R IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet \ | 



Nameof depositaiy institution 



Amer±can Type Culture ColleGtioxi (AOrCC) 



Address of depositary institution (incltu&tg pastai code and country) 



10801 University Blvd. 
Manassas, Virginia 20110-2209 
United States of Merlca 



Date of deposit 

03 October 2003 


Accession Number 
PTA-5562 


C ADDrTlOf^AhVWlCAT10JiS(iean^e b/anki/notapplicabl^^ This information is continued on an additional sheet | y'j 



JListeria monocytogenes ^ctAAinlB double mutant 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MAD]^ fif r/» indications are not for all desi&tated States) 



E. SEPARATE FURNISHING OF INDICATIONS fleave blank if not applicable) 

The indications listed bdpw will be submitted to the International Bureau later (spec^thegfinendncOfav oftheindlcOiimse^, "Accession 



For receiving OfTice use only 



n This sheet was received with the intemational application 



AuUioilzed ofHcer 



For Intematlorial Bureau use only 



This sheet vras received by the International Bureau on: 

1 '3,. 07.0^ 



Authorized officer 



orm PCT/RO/134 aulyl998) 
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1O801 Universit>' Blvd • Manassas, VA 2011 0-2209 • Telephone: 703-365-2700 • FAX: 703-365-2745 



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROC EDURE 



INTERIVATIONAl FORM 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMEJNT ISSUED PURSUANT TO RULE 10. 

To: (Name and Address of Depositor or Attorney) 

Gems Corporation 
Attn: John Tessman 
2411 Stanwell Drive 
Concord, CA 94520 

Deposited on Behalf of: Cmis Corporation 

Identiilcatipn Reference by Depositor: Patent Deposit Designation 

■» 

Listeria monocytogenes actA/inlB double mutant: actA/inIB PTA-5562 
Listeria monocytogenes actA/uvrAB double mutant: actA/uvrAB PTA-5563 

The deposits were accompanied by: a scientific description . a proposed taxonomic description indicated 

above. The deposits were received October 3. 20O3 by this International Depository Authority and have been 
accepted. 

AT YOUR REQUEST: X. We will inform you of requests for the strains for 30 years. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies ojne^s right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the United Sta.tes Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures sfatould die.or be destroyed during tlie effective term of the deposit^ it shall be your 
responsibility to replace them with living cultures of the same. 

The strains will be maintained for a period of at least 30 years from date of deposit, or Ave yeat^s after the 
most recent request for a sample, whichever is longer. The United States and many other countfiries are 
signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested October IS. 2003 , On that date, the cultures were viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 20110-2209 USA. 
Signature of person having authority to represent ATCC: 




Date: November 1 C. 2003 



Marie Harris, Patent Specialist, ATCC Patent Depository 



cc: Alicia Hager 

O^ef: Docket or Case No.: 28217-3002900) 
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CLAIMS 

What we claim is: 

1. A vaccine comprising a free-living microbe, wherein the nucleic acid of the 
microbe has been modified by reaction with a nucleic acid targeted compoimd that reacts 
directly with the nucleic acid so that the microbe is atteaua.ted for proliferation. 

2. The vaccine of claim 1, wherein the nucleic-acid taxgeted compound is a nucleic 
acid alkylator. 

3. The vaccine of claim 2, wherein the nucleic acid aDkylator is p-alanine, N-(aaridin- 
9-yl), 2-[bis(2-chloioethyl)amino]ethyl ester. 

4. The vaccine of claim 1> wherein the nucleic acid tairgeted compound is activated by 
iiradiation. 

5. The vaccine of claim 4, wherein the nucleic acid taxrgeted compound is a psoiralen 
compound activated by UVA irradiation. 

6. The vaccine of claim 5, wherein the nucleic add taxrgeted compound is 4 -(4-amino- 
2-oxa.)butyl-4^',8-trimethylpsoralen. 

7. The vaccine of claim 1» wherein the microbe compidses a genetic mutation that 
attenxiates the ability of the microbe to repair its nucleic acdd that has been modified. 

8. The vaccine of claim 7, wherein the microbe is defective with re^ct to a DNA 
tepoix enqmie« 

9. The vaccine of claim 8, wherein the genetic mutation is in one or more gene 
selected fix)m the group consisting of />ArB, uvrA^ uvrB, «wrC, uvrD and recA, or in a 
functional equivalent of one or more gene selected fix)m th.e group consisting ofpArB, 
uvrA^ nvrB, MvrC, «vrD and recA.. 
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1 0. The vaccine of claim 9, wherein the nxicrobe comprises genetic mutations in both 
M vr^ and i/vrfl, or in functional equivalents of both uvrA and uvrB. 

1 1 . The vaccine of claim 8, which is defective with respect to Rec A, or the functional 
equivalent of RecA. 

1 2. The vaccine of claim 1, wherein the microbe is a bacterium. 

13. The vaccine of claiml2, wherein the nxicrobe is Mycobacterium tuberculosis, 

1 4. The vaccine of claim 12, wherein the naicrobe is Bacillus anthracis. 

1 5 . The vaccine of claim 12, wherein the ixaicrobe is Listeria monocytogrenes. 

16. The vaccine of claim 15, wherein flie itxicrobe comprises at least one mutation in 
both uvrA and uvrB, 

1 7 . The vaccine of claim 1 6, wherein the noLicrobe further comprises a noiutation in the 
aatA gene, the inlB gene, or both genes. 

1 8 . The vaccine of claim 1, wherein the miorobe comprises a heterologoxis nucleic acid 
sequence encoding an antigen. 

1 9. The vaccine of claim 1, wherein the vaccine further comprises a pharmaceutically 
acceptable carrier or an adjuvant 

20 . A method of preventing or treating a disease in a host; comprising adimnistering to 
the host an effective amount of the vaccine of olaim 1 . 

21. A method of inducing an immune response in a host to an antigen comprising 
administering to the host an effective amount a:f the vaccine of claim 1, wherein the 
microbe expresses the antigen. 
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22. An isolated professional antigea-pi^senting cell comprising 3 free-living microbe, 
wherein ttie nucleic acid of the microbe has been modified by reaction with a nucleic acid 
targeted compound fliat reacts directly with the nucleic acid so that tie microbe is 
attenuated for proliferatioiL 

23. The professional antigen-presenting cell of claim 22, which is a dendritic cell. 

24. The professional antigen-presentixig cell of claim 22, wherein the nucleic-acid 
targeted compound is a nucleic acid alkylator. 

25. The professional antigen-presenting cell of claim 24, wherein the nucleic acid 
alkylator is ^alexme, N-(acridin-9-yl), 2-[bis(2-chloroethyl)aminolefliyl ester. 

26. The professional antigen-presenting cell of claim 22, wherein the nucleic acid 
targeted compound is activated by irradiation. 

27. The professional antigen-presenting cell of claim 26, wherein the nucleic acid 
targeted compound is a psoralen compound activated by UVA irradiation. 

28. The professional antigen-presenting cell of claim 27, wherein the nucleic acid 
taigeted compound is 4H4-amino-2-oxa)butyl-4,5^8-tlimefhylpso^alen^ 

29. The professional antigen-presenting cell of claim 22, wherein tiie microbe 
comprises a genetic mutation fliat attenuates tiie aWUty of the microbe to repair its nucleic 
acid that has been modified. 

30. The profe^ional antigen-presenting cell of claim 29, wherein the microbe is 
defective with respect to a DNA repair enzyme. 

31. The professional antigen-presenting cell of claim 30, wherein the genetic mutation 
is in one or more gene selected fiom Ae group consisting ofphrB, wvrA, «vrB, wwC, «vrD 
and recA, or in a fimctional equivalent of one or more gene selected fi:om the groi^) 
consisting of pArB, ttvrA, ttvrB, wvrC, wvrD and recA. 
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32. The professional antigen-presenting cell of claim 3 1 , wherein the microbe 
comprises genetic mutations in both uvrA and uvrB^ or in funotional equivalents of both 
uvrA and ttvrB. 

33. The professional antigen-presenting cell of claim 31, wherein the microbe is 
defective with respect to RecA, or a functional equivalent of Rec A. 

34. The professional antigen-presenting cell of claim 23, wherein the microbe is a 
bacterium. 

35. The professional antigen-presenting ceU of claim 34, wherein the microbe is 
AfycobacteriumUiberculosis. * ^ - 

36. The professional antigen-presenting cell of claim 34, wherein the microbe is 
Listeria monocytogenes, 

37. The professional antigen-presenting cell of claim 32, wherein the microbe 
comprises at least one mutation in both uvrA and uvrS. 

3 8. The professional antigen-presenting cell of claim 22, wherein the microbe 
comprises a heterologous nucleic add sequence encoding an antigen. 

39. A vaccine comprising the professional antigen-presenting cell of claim 22. 

40. A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the professional antigen-presenting cell of claim 22. 

41 . A method of inducing an immune req)onse in a host to an antigen comprising 
administering to the laost an effective amount of the professional antigen-presenting cell of 
claim 22, wherein the microbe comprises a nucleic acid sequexice encoding the antigen 
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42. A method of activating naive T cells in vitro^ comprising contacting the naiv^e T 
cells with the professional antigen-presenting cell of claim 22 under suitable conditions and 
for a sufficient time to activate the iiaive T cells. 

43. A method of loading professional antigen-preseating cells with an antigen 
comprising contacting the professional antigen-presentin-g cells in vitro with a free-living 
microbe that comprises a nucleic acid sequence encoding the antigen, under suitable 
conditions and for a sufGcient time to load the professional antigen-presenting cells^ 
wherein the nucleic acid of the microbe has been modified by reaction with a nucleio acid 
targeted compound that reacts directly with the nucleic a.cid so that the microbe is 
att^uated for proliferation. 

44. A method of activating and/or maturing professional antigen-presenting cells 
comprising contacting the professional antigen-presentiixg cells in vitro with a free-living 
microbe that comprises a nucleic acid sequence encoding an antigen, under suitable 
conditions and for a sufScient time to activate and/or to allow the maturation of the 
professional antigen-presenting cells, wherein the nucleic acid of the microbe has be^en 
modified by reaction with a nucleic acid targeted compound that reacts directly with, the 
nucleic acid so that the microbe is attenuated for proliferation. 

45. A method of preventiag or treating a disease in a host, comprising the foUowring 
steps, (a) loading professional antigen-presentibotg ceQs xvith an antigen by contactiiag the 
cells with a free-living microbe that comprises a nucleic acid sequence encoding an 
antigen, wherem th.e nucleic acid of the microbe has been modified by reaction with a 
nucleic acid targeted compoimd that reacts directly with the nucleic acid so that the 
microbe is attenuated for proliferation; and (b) administering an effective amount of a 
composition comprising the loaded professional antigen-presenting cells to the host. 

46. A method of inducing an immime response to an antigen in a host, comprisioLg the 
following steps. (a> loading pn>fessionalantigen-prese£Lting cells with the antigea by 
contacting the cells "with a firee-Uving microbe that compaises a nucleic acid sequence 
encoding the antigen, wherein the nucleic acid of the miorobe has been modified by 
reaction witii a nucleic acid targeted compound that reacts directiy with the nucleic add so 
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that the microbe is attenuated for proliferation; and (b) administering an effective amount 
of a composition comprising the loaded professional antigen-presenting cells to the host. 

47. An isolated mutant Listeria monocytogenes strain comprising a genetic mutation 
that attenuates its abili^ to repair its nucleic acid. 

48. The mutant strain of claim 47, which is defective with respect to at Least one DNA 
repair enzyme. 

49. The mutant strain, of claim 47 which is attenuated with respect to UvtA, UvrB, or 
both UvrA and UvrB. 

50. The mutant stiain of claim 49, which comprises a genetic mutation Ln the uvrA 
gene, the uvrB gene, or both the wrA and uvrB genes. 

5 1 . The mutant stiain of claim 47, wherein the nucleic acid of the bacteria of the strain 
bave been modified so that the bacteria are attenuatecl for proliferatioa 

52. The mutant strain of claim 47, which is selected from the group consisting of a 
Listeria monocytogenes actA'luvrAff strain deposited with the American T>T>e Culture 
Collection (ATCC) and identified by accession number PTA-SS63, or a iaut:ant of the 
deposited strain which is defective with respect to UvrA, UvrB, and ActA. 

53. The mutant strain of claim 52, which is the Listeria monocytogenes ^JCtAyinlBT 
strain deposited with flie American Type Culture Collection (ATCC) and id^tified by 
accession number PTA-5 562. 

54. A vaccine cooo^rising (a) the mutant strain of claim 47, and (b) a phsrmaceutically 
acceptable carrier or adjuvant 

55. A me&od of inducing an immune response in a host to an antigen comprismg 
administering to the host an effective amount of a composition comprising tfhe strain of 
claim 47, wherein the strain coniprises a nucleic acid molecule encoding th& antigen. 
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56. A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of a composition coinprising the strain of claim 47. 

57. A professional antigen-presenting cell coinprising the strain of cla±tn 47. 

58. An isolated mutant Bacillus anthracis strain comprising a genetic xnutation that 
attenuates its ability to repair its nucleic acid. 

59. The mutant strain of claim 58, which is defective with respect to at: least one DNA 
repair enzyme. 

60. The mutant strain of claim 59 which is attexiuated with respect to UvrA, UvrB, or 
both UvrA and UvrB. 

6 1 . The mutant strain of claim 60, which compxises a genetic mutation in the uvrA 
gene, the uvrB gene, or both the uvrA and uvrB genies. 

62. The mutant strain of claim 58, which comprises one or more mutations in the lef 
gene, the cya gene, or 1:>oth genes that decreases the toxicity of the strain. 

63. The mutant strain of claim 58, wherein the nucleic acid of the bactexia of the strain 
have been modified so that the bacteria are attenuated for proliferation. 

64. A method of inducing an immime response in a host to a Bacillus anthracis antigen 
comprising administerLng to the host an effective amount of a composition oon^rising the 
mutant strain of claim S8. 

65. A method of preventing or treatiag a Bacillus anthracis infection in a host; 
comprising administerixig to the host an effective ainouxit of a composition comprising the 
mutant strain of claim 58. 

66. A vaccine comprising a free-living microbe ^hich is defective with xrespect to at 
least one DNA repair enzyme. 



157 



wo 2004/084936 



PCT/US2004/003671 



67. The vaccine of claim 66, wherein the nxicrobe comprises a genetic mutation in cue 
or more gene selected from the group consisting of phrBy wvrA, wvrB, uvr-C, uvrD and 
recA, or in a functional equivalent of one or more gene selected from the group consisting 
ofphrB^ wrAy uvrB^ wvrC, uvrD and reck, 

68. The vaccine of claim 67, wherein the nxicrobe comprises genetic nautations in both 
uvrA and nvrB^ or iix functional equivalents of both uvrA and uvrB, 

69. The vaccine of claim 66, which is defective widi respect to RecA, or the functional 
equivalent of RecA. 

70. The vaccine of claim 66, wherein the microbe is a bacterium. 

7 1 . The vaccine of claim 66, wherein the microbe conq>rises a heterologous nucleic 
acid sequence encoding an antigen. 

72. The vaccine of claim 66, wherein the va.ccine further comprises a pharmaceutically 
acceptable carri^ or an adjuvant 

73. A method of preventing or treating a disease in a host, comprising administering to 
the host an e£fective amoimt of the vaccine of claim 66. 

74. A method of inducing an immune lespoxise in a host to an antigen oomprising 
adntiinistering to the liost an efiective amoimt oi£ the vaccine of claiin 66, wherein the 
microbe e?q>resses ttie antigen. 

75. An isolated piofessional antigen-presenting cell comprising a free-living microbe 
which is defective with respect to at least one I>NA repair enzyme. 

76. The antigen-presenting cell of claiin 75, wherein tiie microbe comprises a genetic 
mutation in one or more gene selected fix)m die group consisting of /;ArB, 2ivrA, uvrB, 
uvaC, wrD and recA^ or in a functional equivalent of one or more gene selected from the 
groiq) consisting of phrB^ uvrA, i/vrB, uvrC, tnvD and recA. 
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77. The antigen-presenting cell of olaim 76, wherein the microbe compxises genetic 
mutations in both uvrA and wvrS, or iix functional equivalents of both uvrA and uvrB. 

78. The antigen-presenting cell of claim 75, which is defective with respect to RecA, or 
the functional equivalent of RecA. 

79. The antigen-presenting cell of olaim 75, wherein the microbe is a bacterium. 

80. . The antigen-presenting cell of claim 75, wherein the microbe compxises a 
heterologous nucleic acid sequence encoding an antigen. 

81. A method of preventing or treating a disease in a host, comprising a.dnunistering to 
the host an effective amount of the antigen-presenting cell of claim 75. 

82. A method of inducing an inmiixne response in a host to an antigm comprising 
administering to the host an effective amount of flie antigen-presenting cell of claim 75, 
wherem fhe microbe expresses the antigen. 

83. A firee-Hving microbe for medical use, wherein fhe nucleic acid of tGhe microbe has 
been modified by reaction with a nucleic acid targeted compound that reacirs directiy with 
the nucleic acid so that tiie microbe is attenuated for proliferatioit 

84. An. antigen-presenting cell for medical use, wherein the antigen-presenting cell 
comprises a free-living microbe, wherein the nucleic acid of the microbe h3S been modified 
by reactio3a witii a nucleic acid targeted compound that reacts directly with the nucleic acid 
so that the microbe is attenuated for proliferatiorL 

85. A mutant Listeria monocytogenes strain for medical use, wherein thie mutant 
Listeria monocytogenes strain comprises a genetic mutation that attenuates its ability to 
repair its micleic acid. 

86. A jBree-living microbe for medical use, wherein the microbe is defective with 
respect to at least one DNA repair enzjmie. 
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87. The microbe of claim 86, which is Bacillus anthracis or Listeria monocytogenes, 

88. An antigen-presenting cell for medical xise, wherein the antigen-pr&senting cell 
comprises a free-living microbe, wherein the inicrobe is defective with respect to at least 
one DNA repair enzyme. 

89. A kit coxQprising bofli (a) composition comprising the mutant Liste^a 
monocytogenes strain of claim 47, the mutant Bacillus anthracis strain of claim 58, or a 
free-living microbe, therein the nucleic acid of the free-living microbe has been modified 
by reaction with a nixcleic acid targeted compoxmd; and (b) instractions for the use of the 
con^)Osition in the prevention or treatment of a disease in a host. 
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SEQUENCE LISTII^aG 

<110> CERDS CORPORATION 

DaBENSKY Jr., Thomas W. 
BROCKSTEDT, Dirk G. 
BAHJAT, Keith 
HEARST, John E. 
COOK, David 

<120> MODIFIED FREE-LIVING MICROBES, VACCINE 
COMPOSITIONS AND METHODS OF USE THEREOF 



<130> 282172002840 

<140> Not Yet Assigned 
<141> 2004-02-06 

<150> US 60/446,051 
<151> 2003-02-06 

<150> US 60/44^,153 
<151> 2003-02-21 

<150> US 60/490,089 
<151> 2003-07-24 

<150> US 60/511,869 
<151> 2003-10-15 

<150> Not Yet Assigned 
<151> 2004-02-02 

<160> 52 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 8 
<212> PRT 
<213> Murine 



<400> 1 

Ser Xle He Asn Phe Glu Lys Leu 
1 5 



<210> 2 
<211> 12 
<212> PRT 

<213> Listeria monocytogenes 



<400> 2 

Asn Glu Lys Tyr Ala Gin Aia Tyr Pro Asn Val Ser: 
15 10 

<210> 3 
<211> 9 



1 
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<212> PRT 
<213> Murine 



<400> 3 

Val Ala Tyr Gly Arg Gin Val Tyr Leu 
1 5 



<210> 4 
<211> 8 
<212> PRT 

<213> Herpes simplex virus 



<400> 4 

Ser Ser He Glu Phe Ala Arg Leu 
1 5 



<210> 5 
<211> 2915 
<212> DNA 

<213> Listeria monocytogenes 



<400> 5 

atcacgaaaa atcccgctta tattttgaat aagcgggatt ttgattattt tttcttagct 60 

gttgcaattc gttcttccgt gcgttcttta tcgcgttcta aaattggttt caagtattta 120 

cctgtataag atttttttga gcgagcgatt ttttcaggtg tgccggttgc aataatt:.tga 180 

ccgccaccat cgccaccttc tggacctaaa tcaatcaagt aatcagcttg tttgataacg 240 

tcaagattat gctcaata.ac aagtactgta tcgccattct cttctacaag tctttgtaat 300 

actttgagta aacgaccaiat atcatctgcg tggagtocgg tagttggttc atccagaata 360 

tagaaagatt ttccgttact acgtttatga agttccgaag ctagtttgac gcgctgcgct 420 

tcaccacctg aaagcgtagt tgcaggttgt ccaagtcgaa tatagccaag accaaca.tct 480 

acaattgttt gaagtttacg cgcaattctt ggttggttgg tgaaatattc tagtcctitcc 540 

tctacagtca tttctaatiac ttcagcaata tttttgoctt tataacgaat atctaaogtc 600 

tcaccattgt atcgttttcc atgacaaact tcacaggrgta catatacatc aggcaagaaa 660 

tgcatttcaa ttttgatgat tccgtcgcct ttacacgcct cgcaacggcc accttttiacg 720 

ttaaaactaa agcgaccttt tttataacca cgaactt-tgg cttcattagt acttgcg-aaa 780 

aggtcacgaa tatcatcgaa agctcctgta taagtagctg gattcgatct cggtgttctt 84.0 

ccgattggtg attggtcaat attgataatt ttttctaggt tttcgatgcc ttttatt=.tct 900 

ttgtgttcac ctggttttgc gtggtttcta tttagttttc tcgctaacgc ttttcgcagt 960 

acttcattca ctaacgaact tttacctgaa cctgaaa.ctc cagttacaca ggaaaaa.gta 1020 

gctagtggaa tttttgcatt tacgtttttg agattatittg ctttagcacc aataattitct 1080 

aattctagtc cgttaccttt tctacgttta gcagggactg gaataaattt tttacctgaa 1140 

agatagtcac cagtgatgga atttttatta ttggcaactt cttctggtgt tccggctgca 1200 

acaattcgtc cgccgtgt^tc tcctgcacct ggaccaatat caataagata atctgcg-gcc 1260 

atcatcgtat cttcgtcatg ctcaacgaca ataagcgtgt ttccaatgtc acgcata.ctt 1320 

tggagtgtgc tgattaaacg atcattatct cgtigatgaa gaccgatgga aggttca.tct 1380 

aaaatataaa gtacaccagt aagtctggaa ccgatttgtg tagcaagtcg aattcgttgc 1440 

gcttcgccac cagaaagcgt cccagctgca cggctcattg ttaggtagtc gagcccaaca 1500 

ttttttaaga agcctagtct agcacgaact tctttgstaaa ttggcgctgc aatttgtgtt 1560 

tctttttcag atagttctiaa gccatcgaag aaagcaa.gtg cttcattaat agaaaaotca 1620 

ctgatttgcc caatatgatg gtcgtttact ttaacggaaa gtgtttcttc ttttaga^cga 1680 

tagcctttac aagatggaca tggtaaatca gtcatatiatt gcgccatttg atcgcgtgtg 1740 

aaatcggaat ttgtttca.cg atagcgacgt tcgatatttg gaagtatccc ttcaaaogga 1800 

atccacgttt cgcgtgtcat accgaaatca tttttgtiatt cgaagtagaa ttcttta^tct 1860 

tttgatccat ttaaaataat atctaattct tctttggrata gcttctcaag aggtgta^tcc 1920 

atatctattc caaattc-ttt acaggcagaa gctagcattt gcgggtagta ctgtgaacta 1980 

attgggcgcc aaggaataat agcaccttca tttagagraca tacttctatc aggaata.acc 2040 
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gtgtcgacat 
gggctgttga 
cacgcatagt 
ccatcagcta 
ttaatcacaa 
atttcgtcat 
ttgatttcct 
atttgaatac 
tgagaagtga 
aaigcgcaaat 
gttgtttttt 
ttatccattt 
tgtccttctg 
gticataacta 
cttgcaccct 



cgacttcaag 
aagagaacat 
gttcactaaa 
aacgaagagc 
tgcgatcaat 
tgatatcata 
caatagtttt 
gtgttttttc 
tttcaatacc 
agtcatggat 
gatcaatcga 
gccctaaaaa 
cataaatcgt 
ctaatttgtc 
gaattactat 



-tttagtccca 
-tcttggttct 
•taataattct 
agcttcaatg 
aatgatttca 
aatttctcca 
ottatgtgtc 
tgggtattct 
gtgatttgga 
ttctgtaact 
aatggcaggg 
ttggcgtgca 
atcaaaagca 
-tctaggaatc 
tttctcttta 



agtccatcac 
aattcaccaa 

ttatccccca 
gaatcataca 
atagaatgct 
tcaacacgaa 
ccttttttac 
agaacacgat 
caaaccggat 
gtcccaacag 
cttaatcctt 
tatgcggaca 
agcgaagatt 
tctacatcaa 
tccaa 



at gtggggca 
cggaaaaacc 
tt atatcaac 
ga cgagtatt 
tt-ttgttttt 
tb cgaacata 
ca gaaacgat 
ct accatttg 
gc ccaacacg 
tggaacgtgg 
ca attaaatc 
aagactctac 
ta cctgaacc 
tg-ttttttaa 



agcgccaaat 
acaataaggg 
aaccgcataa 
gatgccctct 
ctcaatttca 
tccttctttt 
tggagccatt 
ttcgattgtt 
agcataaagt 
attacggctt 
cacatctggt 
ataacgtctt 
tgaaagccca 
gttatgggct 



2X00 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2915 



<210> 6 
<211> 1991 
<212> DNA 

<213> Listeria monocytogenes 



<400> 6 

toatccttcc gcttttattt ocagtaaagc 
aagtgcttta gctgcttctt ticatttcatg 
tttcttagac attttgctta aatcatgttg 
agtcgctgcg atgataccac gaatttcttt 
ttcattatat tcaatttgga ttttacgacg 
cgaatcggtc attttatcag catacatgat 
acccattgtt tgaattaagg aacgctcgga 
aatagcgaca agagatactt caggtaaatc 
gataacatca tacacaccaa gtcgaaggtc 
caicttccgag tggagatact Qtactttaac 
ctcggacatt tttttcgtta aggtggtgat 
g-t^taatctca tccattaagt catcaatttg 
gtictagcaag ccagttggtc gaatgatttg 
g-Caagggcct ggtgtagcgg atataaacat 
taaacgaagc ggcctattat ctagagcgct 
ttgttttctg gcttggtccc ogttaaacat 
ctcatcaatt accatttgga aatcatctgg 
tcccgctgga cgaagggata aatgtctaga 
ttcttccatc atttccaaat cataattcgt 
tttattatct gcacgtaaaa ctttaagacg 
tcfcttttttc ataatatcag gtctggtgac 
ttctctttct cctataattt caccagtaag 
at:caccgaaa aattcaatcc gcatacagtg 
aacatcaccg cgaacacgga aigcgtccacg 
aatatctact aatttgcgca gtagctgatc 
acicgagcatc tctccatatt caatcggcga 
asitgataatt acatcgcgac Qttcaaaaag 
gatttcatca ttgatacttg oatctttttc 
ttictggttga tagtaatcat agt'aactgac 
ctctttaaac tcgctataca gctgtcccgc 
cQgcttattt acttcttgaa tcacattgga 

accaagtaaa gtttggtgtt tcaagccttt 
tctaggttgg tctccttgtg grgctatactt 
ggattccccc t 

<210> 7 
<211> 26 



atcgcgaagt tcagcagcac gttcgaaatc ^0 
ttccatacct tc«iatgaata catcgcgttc 3.20 
cttcactgct tctctttcat ctgcggcaga IL80 
tttgattgtt tt-tggcgtaa tgccgtgttt 240 
gcgttctgtt tc^gccaatag aattgcgcat 300 
tactcgaccg tt-ttcattac gagcagctcg 360 
acgaaggaat cc-ttctttgt ccgcatctaa ^20 
gattccttca cg^agtaagt taattccaac -480 
acgaatgatt tc^attcgct cgagcgtctt S40 
accagcttct tt^agatagt tggttaaatc 600 
taaaacacgt tc^tttttct cgacgcgatc 660 
tccttgaatc gg«icggattt ctacgattgg ^720 
ttcaatgaca tc-tggatttt tttctaattc "780 
aatttgattg at^tgcttct caaattcttc 840 
aggcaatcta aa^ccatgat caactagcat 500 
accacgaatt tgoggcatcg taacgtgtga S60 
gaagtaatcg ag-taacgtgt atggtgtaac 3.020 
atagttctca atsccagagc aatagcccat 3-080 
tcgctgttca ag^cgctgag cttctagcaa 3.140 
gtcttcgagt tcsgctttta tattaacaat 3.200 
aaagtgagat gcogggaaaa tggaaacatg 3.260 
tgcatctact tc-tctaattc gttcaatttc 3.320 
ttcatctctt gaagctggga aaatttcgac 3.380 
ttgaaaatct atatcatttc gatcatattg 3.440 
acggctaatt tcoatgccaa cacgaagcga 3.500 
acctaagcca ta^atacacg atacactcgc 3.560 
cgcagcagta gcagagtgac gaagcttatc 3.620 
gatatatgtg tcsctttgcg gaacataggc X680 
aaaatattct acsgcgttat ttgggaaaaa X740 
taacgtctta tt^tgagcca tgacaagtgt X800 
tacggtaaaa gt-tttccctg taccggttgc 3.860 

ttttaatccc gcsiactaatt gttctatcgc X920 
agaaactaac tcaaatttat ccttcaactc X980 

X991 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 7 

gcaagtatac agttaagttt gtaacg 26 

<210> 8 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 8 

ctttccgaag tqqsLan^aaag catg 24 

<210> 9 
<211> 6654 
<212> DNA 

<213> Listeria monocytogenes 



<400> 9 

gcaagtatac 

cttcatctac 

attctttgaa 

attcaatatt 

tgaaatcacg 

taaatgcact 

tattgcgcat 

tttcatgatt 

gatttccttg 

cttcgatttg 

ttttaccttc 

taccttgttt 

ataatttagg 

ctatgactct 

gtttggactt 

aagcgggatt 

tcgcgttcta 

ttttcaggtg 

tcaatcaagt 

tcgccattct 

tggagtccgg 

agttccgaag 

ccaagtcgaa 

ggttggttgg 

tttttgcctt 

tcacagggta 

ttacacgcct 

cgaactttgg 

taagtagctg 

ttttctaggt 

tttagttttc 

cctgaaactc 

agattatttg 

gcagggactg 



agttaagttt 
acgtaaagtc 
tagtttaatc 
accattagca 
ttcgattttc 
atttaQ'gaaa 
ggagtcttca 
ttctggagtc 
attgtticcaa 
ttcttottct 
ttttttggaa 
tactaattcg 
ctaaactatt 
attatg-aagg 
tgggtgrgttt 
ttgattattt 
aaatliQ^gttt 
tgccgcfttgc 
aatcag'cttg 
cttctracaag 
tagttggttc 
ctagtttgac 
tatagcrcaag 
tgaaatattc 
tataaogaat 
cata-ta^catc 
cgcaaoggcc 
cttcattagt 
gattcgatct 
tttcgatgcc 
tcgctaacgc 
cagtt:a.caca 
ctttagrcacc 
gaataa.attt 



gtaacgattt 
gttttatcaa 
atcgcgtgaa 
atttcgaatt 
gttgaagtta 
gaaccgattt 
cgatctttag 
ggttctgggc 
cctttactgt 
ctcggagctg 
atattttcaa 
agaatacgtt 
ttaggcttgc 
aaaatataat 
ggtcttaaga 
tttcttagct 
caagtattta 
aataatttga 
tttgataacg 
tctttgtaat 
atccagaata 
gcgctgcgct 
accaacatct 
tagtccttcc 
atctaacgtc 
aggcaagaaa 
accttttacg 
acttgcgaaa 
cggtgttctt 
ttttatttct 
ttttcgcagt 
ggaaaaagta 
aataatttct 
tttacctgaa 



gttttgattt 
agaagatttt. 
ctttgatatc 
ctaaaatiaga. 
agaacgggaa. 
tttcaccagc 
aagaattttc: 
gtcttttacg- 
aatcatatga. 
cagatcgacg- 
gtagagtaag 
tacgttcatt 
tttcacatgc 
ttctgtcata. 
atcacgaaaa. 
gttgcaattc 
cctgtataag 
ccgccaccat. 
tcaagattat 
actttgagta 
tagaaagatt 
tcaccacctg 
acaattgttt 
tctacagtca 
tcaccattgt 
tgcatttcaa 
ttaaaactaa 
aggtcacgaa 
ccgattggtg 
ttgtgttcac. 
acttcattca 
gctagtggaa 
aattctagtct 
agatagtcac 



agactcaaaa 
aagtgcttca 
gttcgaatcg 
aagtgttgtg 
tggcatatct 
ttgggataaa 
gccgccttct 
actttttgga 
tggttcttct 
aatattttct 
ggcttcttca 
ttccattttc 
aagtgacata 
caaccagagg 
atcccgctta 
gttcttccgt 
atttttttga 
cgccaccttc 
gctcaataac 
aacgaccaat 
ttccgttact 
aaagcgtagt 
gaagtttacg 
tttctaatac 
atcgttttcc 
ttttgatgat 
agcgaccttt 
tatcatcgaa 
attggtcaat 
ctggttttgc 
ctaacgaact 
tttttgcatt 
cgttaccttt 
cagtgatgga 



cgtaaagttt 
tcttctggat 

gatggtttaa 
tcatgataaa 
ttcacttgtt 
tcattaacca 
tcttcatctc 
ggtgtataag 
tttgtttctt 
tttgctgctg 
gtggatataa 
atttcctcct 
tctgttttat 
atgattattt 
tattttgaat 
gcgttcttta 
gcgagcgatt 
tggacctaaa 
aagtactgta 
atcatctgcg 
acgtttatga 
tgcaggttgt 
cgcaattctt 
ttcagcaata 
atgacaaact 
tccgtcgcct 
tttataacca- 
agctcctgta 
attgataatt 
gtggtttcta 
tttacctgaa 
tacgtttttg 
tctacgttta 
atttttatta 



€0 

3.20 

180 

240 

300 

360 

-420 

^80 

540 

€00 

€60 

-720 

-780 

S40 

SOO 

360 

□.020 

3.080 

ni40 
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3.380 
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3560 

3620 
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3800 
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ttggcaactt 
ggaccaatat 
ataagcgtgt 
cgttgatgaa 
ccgatttgtg 
cggctcattg 
tctttgaaaa 
aaagcaagtg 
ttaacggaaa 
gtcatatatt 
tcgatatttg 
tttttgtatt 
tctttggata 
gctagcattt 
tttagagaca 
agtccatcac 
aattcaccaa 
ttatccccca 
gaatcataca 
atagaatgct 
tcaacacgaa 
ccttttttac 
agaacacgat 
caaaccggat 
gtcccaacag 
cttaatcctt 
tatgcggaca 
agcgaagatt 
tctacatcaa 
tccaatttcg 
acgttcgaaa 
tacatcgcgt 
atctgcggca 
aatgccgtgt. 
agaattgcgc 
acgagcagct 
gtccgcatct 
gttaattcca 
ctcgagcgtc 
gttggttaaa 
ctcgacgcga 
ttctacgatt 
tttttctaat 
ctcaaattct: 
atcaactagc 
cgtaacgtgt 
gtatggtgta 
gcaatagccc 
agcttctagc 
tatattaaca 
aatggaaaca 
tcgttcaatt 
gaaaatttcg 
tcgatcatat 
aacacgaagc 
cgatacactc 
acgaagctta 
cggaacatag 
atttgggaaa 
catgacaagt: 
tgtaccggtt 



cttctggtgt 
caataagata 
ttccaatgtc 
gaccgatgga 
tagcaagtcg 
ttaggtagtc 
•ttggcgctgc 
cttcattaat 
gtgtttcttc 
gcgccatttg 
gaagtatccc 
cgaagtagaa 
gcttctcaag 
gcgggtagta 
tacttctatc 
atgtggggca 
cggaaaaacc 
ttatatcaac 
gacgagtatt 
ttttgttttt 
ttcgaacata 
cagaaacgat 
ctaccatttg 
gcccaacacg 
tggaacgtgg 
caattaaatc 
aagactctac 
tacctgaacc 
tgttttttaa 
cttcatcctt 
tcaagtgctt 
tctttcttag 
gaagtcgctg 
ttttcattat 
atcgaatcgg 
cgacccattg 
aaaatagcga 
acgataacat 
ttcacttccg 
tcctcggaca 
tcgttaatct 
gggtctagca 
tcgtaagggc 
tctaaacgaa 
atttgttttc 
gactcatcaa 
actcccgctg 
atttcttcca 
aatttattat 
attgcttttt 
tgttctcttt 
tcatcaccga 
acaacatcac 
tgaatatcta 
gaaacgagca 
gcaatgataa 
tcgatttcat 
gcttctggtt 
aactctttaa 
gtcggcttat 
gcaccaagta 



tccggctgca 
atctgcggcc 
acgcatactt 
aggttcatct 
aattcgttgc 
gagcccaaca 
aatttgtgtt 
agaaaactca 
ttttagacga 
atcgcgtgtg 
ttcaaacgga 
ttctttatct 
aggtgtatcc 
ctgtgaacta 
aggaataacc 
agcgccaaat 
acaataaggg 
aaccgcataa 
gatgccctct 
ctcaatttca 
tccttctttt 
tggagccatt 
ttcgattgtt 
agcataaagt 
attacggctt 
cacatctggt 
ataacgtctt 
tgaaagccca 
gttatgggct 
ccgcttttat 
tagctgcttc 
acattttgct 
cgatgatacc 
attcaatttg 
tcattttatc 
tttgaattaa 
caagagatac 
catacacacc 
agtggagata 
tttttttcgt 
catccattaa 
agccagttgg 
ctggtgtagc 
gcggcctatt 
tggcttggtc 
ttaccatttg 
gacgaaggga 
tcatttccaa 
ctgcacgtaa 
tcataatatc 
ctcctataat 
aaaattcaat 
cgcgaacacg 
ctaatttgcg 
tctctccata 
ttacatcgcg 
cattgatact 
gatagtaatc 
actcgctata 
ttacttcttg 
aagtttggtg 



acaattcgtc 
at catcgtat 
tggagtgtgc 
aaaatataaa 
gc"ttcgccac 
tfttttaaga 
tc-tttttcag 
ct gatttgcc 
tagcctttac 
aaatcggaat 
at ccacgttt 
tttgatccat 
at atctattc 
attgggcgcc 
gtgtcgacat 
gggctgttga 
cacgcatagt 
ccatcagcta 
tt aatcacaa 
atttcgtcat 
tt gatttcct 
atttgaatac 
tgagaagtga 
aagcgcaaat 
gttgtttttt 
tt atccattt 
tg-tccttctg 
gt cataacta 
cttgcaccct 
tt ccagtaaa 
tt tcatttca 
taaatcatgt 
ac gaatttct 
gattttacga 
ag catacatg 
ggaacgctcg 
tt caggtaaa 
aagtcgaagg 
ct gtacttta 
taaggtggtg 
gt catcaatt 
tcgaatgatt 
ggatataaac 
at ctagagcg 
cccgttaaac 
gaaatcatct 
taaatgtcta 
at cataattc 
aactttaaga 
aggtctggtg 
ttcaccagta 
ccgcatacag 
ga.agcgtcca 
ca.gtagctga 
tt. caatcggc 
aogttcaaaa 
tg-catctttt 
atagtaactg 
ca.gctgtccc 
aa.tcacattg 
tttcaagcct 



cgccgtgttc 
cttcgtcatg 
tgattaaacg 
gtacaccagt 
cagaaagcgt 
agcctagtct 
atagttctaa 
caatatgatg 
aagatggaca 
ttgtttcacg 
cgcgtgtcat 
ttaaaataat 
caaattcttt 
aaggaataat 
cgacttcaag 
aagagaacat 
gttcactaaa 
aacgaagagc 
tgcgatcaat 
tgatatcata 
caatagtttt 
gtgttttttc 
tttcaatacc 
agtcatggat 
gatcaatcga 
gccctaaaaa 
cataaatcgt 
ctaatttgtc 
gaattactat 
gcatcgcgaa 
tgttccatac 
tgcttcactg 
tttttgattg 
cggcgttctg 
attactcgac 
gaacgaagga 
tcgattcctt 
tcacgaatga 
acaccagctt 
attaaaacac 
tgtccttgaa 
tgttcaatga 
ataatttgat 
ctaggcaatc 
ataccacgaa 
gggaagtaat 
gaatagttct 
gttcgctgtt 
cggtcttcga 
acaaagtgag 
agtgcatcta 
tgttcatctc 
cgttgaaaat 
tcacggctaa 
gaacctaagc 
agcgcagcag 
tcgatatatg 
acaaaatatt 
gctaacgtct 
gatacggtaa 
ttttttaatc 



tcctgcacct 
ctcraacgaca 
atcattatct 
aagtctggaa 
ccoagctgca 
agcacgaact 
gccatcgaag 
gtogtttact 
tg^taaatca 
atagcgacgt 
acogaaatca 
atotaattct 
ac^ggcagaa 
agcaccttca 
tttagtccca 
tcttggttct 
taataattct 
agottcaatg 
aatgatttca 
aatrttctcca 
cttatgtgtc 
tgggtattct 
gtgatttgga 
ttctgtaact 
aa-tiggcaggg 
ttggcgtgca 
atoaaaagca 
tctiaggaatc 
tttctcttta 
gttcagcagc 
cttcaatgaa 
cttctctttc 
tttttggcgt 
tttcgccaat 
cgttttcatt 
atccttcttt 
cacgaagtaa 
tttcgattcg 
ctttgagata 
gttcattttt 
tcggacggat 
catctggatt 
tgsitatgctt 
taaagccatg 
tttgcggcat 
cgaigtaacgt 
casitaccaga 
caaggcgctg 
gttcagcttt 
atgccgggaa 
cttctctaat 
ttgaagctgg 
ctsitatcatt 
tttccatgcc 
catagataca 
taQcagagtg 
tgtcactttg 
ctacagcgtt 
tattgtgagc 
aagttttccc 
ccgcaactaa 



2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
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3060 
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3180 
3240 
3300 
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3480 
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4500 
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4800 
4860 
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5460 
5520 
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ttgttctatc 
atccttcaao 

tgtttgtaaa. 
tttatcataa 
aaataaaaaa. 
tacctatata. 
acgttgcaag 
aactcgtata. 
cataacgatti 
cagatataat 
ggtcgttatt 
catatctggt 
aatggttgca. 
aatttcgcca. 
ttccaacgta. 
tggaatttcc 



gctctaggtt 
tcggattccc 

aggtctagca 
atattttaat 
cgcaacctgt 
tttgctttgt 
cacaaaacca 
acctaacttg 
ataagtgatt 
ttgatccatc 
tccgttgtaa 
aaaatttctt 
agtgcctcac 
aaggattcat 
ctgtccttac 
cgttcaataa 



ggtctccttg 
cctattctgt 
aagcaaaaag 
tagcctagca 
tgattacgct 
taaaaatcac 
atggtcatcg 
gcagaagcag 
ctcgcaaaaa 
ttacgttcct 
gctgtggtaa 
ttaaaaagta 
tatagatttc 
ataacaaatc 
cttcttttag 
agttttttgt 



tgggctatac 
ettctgtccga 
cggatttttc 
ataaaccgaac 
tttctttatt 
tgccactctt 
a.aaaagcatc 
caatcaaaat 
g-aataacaag 
cccccttttt 
ttctgttttt 
ottaacgctc 
cracaaaaata 
t actttatca 
oaaatgacga 
o atgctttct 



ttagaaacta 
ttctggtatc 
agatccgtta 
atattttcgc 
ttatcacttt 
ctttaaacgt 
aataataatt 
caccatcaaa 
gaggcaaggg 
tatgcgtctc 
tcgatacctt 
gccatttctc 
ttttctggat 
gaaattgcga 
taaatcggct 
tccacttcgg 



actcaaattt 
tgaaaagctt 
atgtttctat 
atttgttgaa- 
tacgcttttc 
cgcagcatat 
agccaoatag 
agcaa^ccga 
aaaat:a.agcg 
gtaatg-cttt 
tttcag-caag 
ggtactcata 
ttcctttttg 
ggatttz.tccc 
ggtacg-tttc 
aaag 



5760 
5820 
5880 
5940 
6000 
6060 
6120 
6180 
6240 
6300 
6360 
6420 
6480 
6540 
6600 
6654 



<210> 10 
<211> 4612 
<212> DNA 

<213> List=.eria monocytogenes 



<400> 10 

ccggttgcaa. 

tcagcttgtt 

tctacaagto 

gttggttcat 

agtttgacgc 

tagccaagac 

aaatattcta. 

taacgaatat 

tatacatca? 

caacggccac 

tcattagtao 

ttcgatctcg 

tcgatgcctt 

gctaacgctt 

gttacacagg 

ttagcaccaa. 

ataaattttt 

tctggtgttc 

ataagataat: 

ccaatgtcac 

ccgatggaag 

gcaagtcgaa. 

aggtagtcga. 

ggcgctgcaa. 

tcattaatag 

gtttcttctt 

gccatttgat 

agtatccctt 

aagtagaatt: 

ttctcaagagr 

gggtagtact 

cttctatcagr 

gtggggcaag- 

gaaaaaccao 

atatcaacaa. 



taatttgacc 
tgataacgtc 
tttgtaatac 
ccagaatata 
gctgcgcttc 
caacatctac 
gtccttcctc 
ctaacgtctc 
gcaagaaatg 
cttttacgtt 
ttgcgaaaag 
gtgttcttcc 
ttatttcttt 
ttcgcagtac 
aaaaagtagc 
taatttctaa 
tacctgaaag 
cggctgcaac 
ctgcggccat 
gcatactttg 
gttcatctaa 
ttcgttgcgc 
gcccaacatt 
tttgtgtttc 
aaaactcact 
ttagacgata 
cgcgtgtgaa 
caaacggaat 
ctttatcttt 
gtgtatccat 
gtgaactaat 
gaataaccgt 
cgccaaatgg 
aataagggca 
ccgcataacc 



gccaccatcg 
aagattatgc 
tttgagtaaa 
gaaagatttt 
accacctgaa 
aattgtttga 
tacagtcatt 
accattgtat 
catttcaatt 
aaaactaaag 
gtcacgaata 
gattggtgat 
gtgttcacct 
ttcattcact 
tagtggaatt 
ttctagtccg 
atagtcacca 
aattcgtccg 
catcgtatct 
gagtgtgctg 
aatataaagt 
ttcgccacca 
ttttaagaag 
tttttcagat 
gatttgccca 
gcctttacaa 
atcggaattt 
ccacgtttcg 
tgatccattt 
atctattcca 
tgggcgccaa 
gtcgacatcg 
gctgttgaaa 
cgcatagtgt 
atcagctaaa 



c caccttctg 
t. caataacaa 
c gaccaatat 
c cgttactac 
a gcgtagttg 
agtttacgcg 
t ctaatactt 
ccfttttccat 
t tgatgattc 
c gaccttttt 
t. catcgaaag 
t ggtcaatat 
g-gttttgcgt 
aacgaacttt 
fttgcattta 
t-taccttttc 
g--tgatggaat 
ccgtgttctc 
t cgtcatgct 
a'ttaaacgat 
a caccagtaa 
g-aaagcgtcc 
cctagtctag 
acfttctaagc 
a-tatgatggt 
g-atggacatg 
g-tttcacgat 
cgtgtcatac 
aaaataatat 
aattctttac 
ggaataatag 
acttcaagtt 
gagaacattc 
ticactaaata 
cgaagagcag 



gacctaaatc 
gtactgtatc 
catctgcgtg 
gtttatgaag 
caggttgtcc 
caattcttgg 
cagcaatatt 
gacaaacttc 
cgtcgccttt 
tataaccacg 
ctcctgtata 
tgataatttt 
ggtttctatt 
tacctgaacc 
cgtttttgag 
tacgtttagc 
ttttattatt 
ctgcacctgg 
caacgacaat 
cattatctcg 
gtctggaacc 
cagctgcacg 
cacgaacttc 
catcgaagaa 
cgtttacttt 
gtaaatcagt 
agcgacgttc 
cgaaatcatt 
ctaattcttc 
aggcagaagc 
caccttcatt 
tagtcccaag 
ttggttctaa 
ataattcttt 
cttcaatgga 



aatcaaigtaa 

gccattctct 

gagtcoggta 

ttccga. agct 

aagtcgaata 

ttggtt ggtg 

tttgccttta 

acagggtaca 

acacgcctcg 

aactttiggct 

agtagctgga 

ttctaggttt 

tagttttctc 

tgaaactcca- 

attatt tgct 

agggac tgga 

ggcaacttct 

accaat. atca 

aagcgt. gttt 

ttgatgaaga 

gatttg-tgta 

gctcat. tgtt 

tttgaaaatt 

agcaagtgct 

aacgga aagt 

catata-ttgc 

gatatt. tgga 

tttgta-ttcg 

tttgga-tagc 

tagcat-ttgc 

tagaga cata 

tccatcacat 

ttcaccaacg 

atcccc catt- 

atcata caga 
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cgagtattga tgccctcttt aatcacaatg 

ttgtttttct caatttcaat ttcgtcattg 

cgaacatatc cttctttttt ga-tttcctca 

gaaacgattg gagccattat ttgaatacgt 

accatttgtt cgattgtttg ag-aagtgatt 

ccaacacgag cataaagtaa gogcaaatag 

gaacgtggat tacggcttgt tg-ttttttga 

attiaaatcca catctggttt a1:.ccatttgc 

gactctacat aacgtctttg tccttctgca 

cctigaacctg aaagcccagt ca.1:aactact 

ttttttaagt tatgggctct tg-caccctga 

tcatccttcc gcttttattt ccagtaaagc 
aacftgcttta gctgcttctt tcatttcatg 
tttcttagac attttgctta aatcatgttg 
agtcgctgcg atgataccac gaatttcttt 
ttcattatat tcaatttgga ttttacgacg 
cgaatcggtc attttatcag catiacatgat 
acccattgtt tgaattaagg aacgctcgga 
aatiagcgaca agagatactt caggtaaatc 
gataacatca tacacaccaa gtcgaaggtc 
cacttccgag tggagatact gtactttaac 
ctcggacatt tttttcgtta ag-gtggtgat 
gttz^aatctca tccattaagt ca-tcaatttg 
gtotagcaag ccagttggtc gaatgatttg 
gtaagggcct ggtgtagcgg at.ataaacat 
taaacgaagc ggcctattat ct-agagcgct 
ttgttttctg gcttggtccc cg-ttaaacat 
ctoatcaatt accatttgga aatcatctgg 
tcccgctgga cgaagggata aat:gtctaga 
ttcttccatc atttccaaat cataattcgt 
tttattatct gcacgtaaaa ctttaagacg 
tgottttttc ataatatcag gtctggtgac 
ttctctttct cctataattt caccagtaag 
atcaccgaaa aattcaatcc gcatacagtg 
aaoatcaccg cgaacacgga agcgtccacg 
aatatctact aatttgcgca gtagctgatc 
aaogagcatc tctccatatt caatcggcga 
aatgataatt acatcgcgac gt"tcaaaaag 
gatttcatca ttgatacttg catictttttc 
ttotggttga tagtaatcat agtaactgac 
ctctttaaac tcgctataca gctgtcccgc 
cggcttattt acttcttgaa tcacattgga 

<23L0> 11 
<2X1> 2042 
<2X2> DNA 

<2X3> Listeria monocytogenes 



cgatcaataa tgatt1=.caat agaatgcttt 21 60 

atatcataaa tttctcicatc aacacgaatt 2220 

atagttttct tatgtg-tccc ttttttacca 22 80 

gttttttctg ggtattctag aacacgatct 2340 

tcaataccgt gatttg*gaca aaccggatgc 24 OO 

tcatggattt ctgtaactgt cccaacagtg 24 6D 

tcaatcgaaa tggcag-ggct taatccttca 2520 

cctaaaaatt ggcgtgcata tgcggacaaa 2580 

taaatcgtat caaaag-caag cgaagattta 2640 

aatttgtctc taggaatctc tacatcaatg 27 OO 

attactattt tctctttatc caatttcgct 27 60 

atcgcgaagt tcagcagcac gttcgaaatc 2820 
ttccatacct tcaatgaata catcgcgttc 2880 
cttcactgct tctctttcat ctgcggcaga 2940 
tttgattgtt tttggagtaa tgccgtgttt 3000 
gcgttctgtt tcgccaatag aattgcgcat 306O 
tactcgaccg ttttcattac gagcagctcg 3120 
acgaaggaat ccttctttgt ccgcatctaa 318D 
gattccttca cgaagtaagt taattccaac 3240 
acgaatgatt tcgatt cgct cgagcgtctt 3300 
accagcttct ttgagatagt tggttaaatc 3360 
taaaacacgt tcattt-ttct cgacgcgatc 3420 
tccttgaatc ggacggattt ctacgattgg 3480 
ttcaatgaca tctgga-tttt tttctaattc 3540 
aatttgattg atatgc-ttct caaattcttc 3600 
aggcaatcta aagcca-tgat caactagcat 3660 
accacgaatt tgcggcatcg taacgtgtga 3720 
gaagtaatcg agtaacgtgt atggtgtaac 3780 
atagttctca ataccagagc aatagcccat 3840 
tcgctgttca aggcgctgag cttctagcaa 3900 
gtcttcgagt tcagcti:tta tattaacaat 3960 
aaagtgagat gccgggaaaa tggaaacatg 402O 
tgcatctact tctctaattc gttcaatttc 4080 
ttcatctctt gaagctggga aaatttcgac 4140 
ttgaaaatct atatcai:ttc gatcatattg. 4200 
acggctaatt tccatgccaa cacgaagcga. 4260 
acctaagcca tagataoacg atacactcgc 4320 
cgcagcagta gcagag-tgac gaagcttatc 4380 
gatatatgtg tcactt-tgcg gaacataggc- 4440 
aaaatattct acagcg-ttat ttgggaaaaa 4500 
taacgtctta ttgtga^cca tgacaagtgt 4560 
tacggtaaaa gttttccctg ta 4612 



<4O0> 11 

gcaagtatac agttaagttt gtaacgattt 
ctticatctac acgtaaagtc gt-bttatcaa 
attzGtttgaa tagtttaatc atiogcgtgaa 
att:caatatt accattagca at:t:tcgaatt 
tgaaatcacg ttcgattttc gttzgaagtta 
taaatgcact atttaggaaa gaaccgattt 
tattgcgcat ggagtcttca cgatctttag 
tttcatgatt ttctggagtc ggtztctgggc 
gatn-ttccttg attgttccaa cctttactgt 



gttttgattt agactcaaaa cgtaaagttt 60 

agaagatttt aagtgc-ttca tcttctggat 120 

ctttgatatc gttcgaatcg gatggtttaa 180 

ctaaaataga aagtgt-tgtg tcatgataaa 240 

agaacgggaa tggcatatct ttcacttgtt 30O 

tttcaccagc ttggga-t:aaa tcattaacca 360 

aagaattttc gccgcctitct tcttcatctc 420 

gtcttttacg actttttrgga ggtgtataag 480 

aatcatatga tggttcttct tttgtttctt 540 
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cttcgatttg ttcttcttct ctcggagctg cagatcgacg aatattttct tttgctgctg 60 0 

ttttaccttc ttttttggaa atattttcaa gtagagtaag ggcttcttca gtggatataa 6S0 

taccttgttt tactaattcg agaatacgtt tacgttcatt ttccattttc atttcctcct 72 0 

ataatttagg ctaaactatt ttaggcttgc tttcacatgc aagfcgacata tctgttttat 78 0 

ctatgactct attatgaagg aaaatataat ttctgtcata caaocagagg atgattattt 84 0 

g-tttggactt tgggtggttt ggtcttaaga atcacgaaaa atcocgctta tattttgaat 90 0 

aagcgggatt ttgattattt tttcttagct gttgcaattc gttottccgt gcgttcttta 9S0 

tcgcgttcta aaattggttt caagtattta cctgtataag atttttttga gcgagcgatt 10 20 

ttttcaggtg tgccggttgc accaagtaaa gtttggtgtt tcaagccttt ttttaatccc 10 80 

g-caactaatt gttctatcgc tctaggttgg tctccttgtg ggctatactt agaaactaac IL 40 

tcaaatttat ccttcaactc ggattccccc tattctgtat ctgtccgatt ctggtatctg 12 00 

aaaagctttg tttgtaaaag gtctagcaaa gcaaaaagcg gatfctttcag atccgttaat 12 60 

g-tttctattt tatcataaat attttaatta gcctagcaaa aacc^gaacat attttcgcat 13 20 

t-tgttgaaaa ataaaaaacg caacctgttg attacgcttt tctttatttt atcactttta 13 80 

cgcttttcta cctatatatt tgctttgtta aaaatcactg ccaotcttct ttaaacgtcg 14 40 

cagcatatac gttgcaagca caaaaccaat ggtcatcgaa aaag-catcaa taataattag 15 00 

ccacatagaa ctcgtataac ctaacttggc agaagcagca atca.aaatca ccatcaaaag 15 60 

caagccgaca taacgattat aagtgattct cgcaaaaaga atasLcaagga ggcaagggaa .lG 20 

aataagcgca gatataattt ga1:ccatctt acgttcctcc ccctttttta tgcgtctcgt 16 80 

aatgctttgg tcgttatttc cg-ttgtaagc tgtggtaatt ctgttttttc gatacctttt 17 40 

tcagcaagca tatctggtaa aatttctttt aaaaagtact taaogctcgc catttctcgg 18 00 

tactcataaa tggtjrgcaag tgcctcacta tagatttcca caaaaatatt ttctggattt 18 60 

cctttttgaa tttcgccaaa ggattcatat aacaaatcta cttfcatcaga aattgcgagg 19 20 

a.ttttccctt ccaacgtact g-bccttacct tcttttagca aatgacgata aatcggctgg 19 80 

tacgtttctg gaatttcccg ttcaataaag ttttttgtca tgctttcttc cacttcggaa 20 40 



<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 12 

ctctggtacc tcctttgatt ag"tatattc 29 

<210> 13 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 



<210> 14 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 14 

ctcctcgagt ccatgggggg ttctcatcat c 31 



ag 



20 42 



<400> 13 

ctcctcgaga tccgcgtgtt tcttttcgat tg 



32 



<210> 15 
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<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 15 

ctcctcgagt gocrgccgcaa gctt 24 

<210> 16 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 

<400> 16 

gtcaaaacat acgctcttat c - 21 

<210> 17 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 17 

acataatcag tcoaaagtag atgc , 24 < 

<210> 18 
<211> 2762 
<212> DNA 

<213> Bacillus anthracis 



<400> 18 

actacttgct ctggcgttcc 
ccaaggtcaa cgatataatc 
accgtctcac cgctctcaac 
gcatgtaaac cagtcgttgg 
tgtaattcag aaQctaattt 
tgccctaatt tcatataacc 
tttgggatat taQcgaagaa 
atgtttttat ctttatattt 
acttcacacg gaacgtatac 
ccacggcacg ct-tcacaacg 
ccgcgcactt tcgcttcatt 
gtataggttg ctcfgattaga 
actttatcta aa-bgctcaag 
ttatataact tttigcgctaa 
gatccagata cacccgttac 
tttaagttat tctcttttgc 
tcaagtggaa ctggaataaa 

tcttgcatca cttcagctgg 
ccaggcccga tatccagtaa 
acaattaacg talntacctaa 
tcgcgctgat gcsiaaccgat 



ggaagcaacg attt^tccac 
cgctgtttta attacatcta 
aagacgttgc agcacttcta 
ctcgtctaaa atg1i3tagtg 
cacacgctgt gct-boaccac 
aagcccaacg tctacaagcg 
ctctactccg tcttcaatcg 
cacttctaac gtttcacggt 
gtctggtaag aagtgcatct 
tccacctttt acgtiiaaagc 
cgtttgcgca aacaoatcac 
acgtggtgta cgacogattg 
acctttaatt tctttiatgag 
cgatttatat agtaottcat 
cgctacaaac gtaccaagcg 
accgacaatc tccaotttac 
ctctttaccg cttaaatact 

tgtacccgct gataoaactt 
ataatcagct gcca-tcatcg 
atcacgcatt tcttgcaatg 
agaaggctca tcaagfaatgt 



ctttgtctcc gcctitctggt 60 
aattatgttc aatgacaagt 120 
gaagacgggc gat^tcatgc 180 
tacgtcctgt agaacgacgg 240 
cagataaagt cgtggctggt 300 
tttgaagttt acgtttaatt 360 
tcatccctaa cacttcagaa 420 
tgtaacgttt accgtgacaa 480 
caattttaat aatfeccatca 540 
tgaaacgccc tttttgatat 600 
gaatatcatc gaacacacct 660 
gcgattgatc aata.tcgata 720 
tacctggctt cgctttcgct 780 
taatcatcgt acttzttacct 840 
ggaatgacat cttogcgttc 900 
gtccatcacc tttatcgtctt 960 
tacctgttag tgaa>ttctca 1020 

gtccaccgtg aata-cctgcg 1080 

tatcttcatc atgctcaaca 1140 

tacgaataag acgsctcgtta 1200 

aaagcacccc agt:a.agacgc 1260 
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gaaccaattt 
gcacgactta 
atttctctta 
aag-aattcct 
acg-aaaacag 
tctgccatat 
cgttcaatat 
tcatttacat 
aaatctttcg 
gattgtaaaa 
tcatttaatg 
ccaagcccat 
tctaattctc 
tcctcttctc 
agagaatcag 
tcaatagaat 
ccatcaacac 
gcacctttac 
tcaagtacac 
ggacaaattg 
accgttccaa 
ggagataagc 
gcaliacgcag 
gct-aatgagg 
atg'gttacat 
tt 



gcgttgctaa 
acgttaaata 
aaattaaatg 
gtacttcttg 
ctaaactttc 
acttttccat 
ttggaataac 
agcggaaata 
gtatatcttt 
gctgtgggta 
ataaatccca 
cacaagaagg 
caattgaaaa 
ccataacatc 
caagacggct 
gcttcttatt 
gtacacgaac 
gcccagaaac 
ggtctaccat 
gcgtaccaat 
cagttgaacg 
cttcaatcgt 
ataacgattc 
atttccctga 
caatattttt 



acgeiatacgt 
atctnaaacca 
ggcaattttt 
aacaigaatac 
aggotttaag 
ttgotcacga 
acctztcaaat 
aactttctct 
taca.ggcaca 
atattgtgaa 
gttcggaata 
acatgcaccg 
accacaatgc 
gatitiaacact 
tgcgattcct 
tttatctaac 
ataaccttgc 
gataggagct 
ttgotctact 
tcgcgcaaat 
cggattacga 
atctacatcc 
tacgtatctg 
acc3.gacaat 
taag^ttatgt 



tgcgcctcac 
acgtttacta 
tgttgtttct 
ttcgttacat 
cgtccgcctt 
atgtaatccg 
aaaatctcat 
tcaccgcttc 
tccatatcca 
cttgtcggtt 
acaagttcta 
aacggactat 
ggacaagcat 
cgtcccccgc 
tcttttacaa 
gcaatatctt 
ttcttaatat 
aacacttgta 
gtttgcgatg 
aataaacgta 
ctcgtcgttt 
ggcttatcca 
cgctgccctt 
cctgttacaa 
gctctagcac 



ca ccagataa 
ag~aacccaac 
ct gttagctc 
cagcaatcgt 
tacacttcgg 
aa ctcgtctc 
tttcctttac 
cgtacaacac 
eg ccataatg 
ccr caaggcgc 
aatctacctc 
tgaatgagaa 
gatgttcact 
ca agctttaa 
caatacggtc 
ca gacacatc 
ct.tcaagtac 
afttcgtacg 
taatttcaat 
agtaatcata 
tt tgatcgat 
tt tgccctaa 
ct gcataaat 
cgacaagttg 
ct "tttacaac 



agttcctgcg 
gcgctcttga 
cacatttgag 
ttttccgcca 
acaagcttgt 
acgataacga 
ttgaccaaat 
tttatcaaat 
attacataca 
aatcgcatgc 
taactttgag 
catacgcggc 
aaatagaagc 
tgcactttca 
aattacaact 
gagcatttca 
ttttacatgt 
ttcagggtac 
gccatgattc 
aatctccgtt 
tgaaatcgct 
aaactggcgt 
cgtatcaaat 
atttctcgga 
gataaaatcc 



1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
•2460 
2520 
2580 
2640 
2700 
2760 
2762 



<2X0> 19 
<211> 1908 
<212> DNA 

<213> Bacillus anthracis 



<4O0> 19 

tgcttttgct 

tttcgtcatc 

tgcacggatt 

att.gtaagct 

tctcgttata 

aattgtttga 

agctacaagg 

aacatcaaac 

ttcagaatgc 

tgacatcttc 

aatctctcct 

taaaagccct 

cggtcctggc 

tgtgagcggt 

tttacgcgct 

atccataacg 

cgctggacga 

gcgcatcatt 

accgttatca 

gaccttcatc 

acgttctgct 

gccaaaaaac 

atctccgcgc 

atcaacaagt 

aactaactcg 

aatiaattaca 

ttcatcatta 



gcttctttca 
ttcttagctg 
acatcacgca 
tcttgtatac 
cgatctgcgt 
attaacgaac 
gatacttctg 
ttaccaaggc 
agataattca 
ttcgttaaag 
aatagatcgt 
gttggacgaa 
gttgctgaaa 
ctattatcta 
tggtccccgt 
attaagaaat 
agtgttaaat 
tctaaatcat 
tttaattcct 
ttttcttcac 
aatacttctc 
tcaattcgaa 
acgcggaatg 
tcacgaagca 
cggtattctt 
tcatcccgtt 
atctgcgcgt 



tttotgcttc 
gcgtcgcttc 
cacctttttg 
tacgacgacg 
acataataac 
gctotgaacg 
gaatatctaa 
gaagatctcg 
ccttaattcc 
ttgtiaattaa 
caatzctgccc 
taatttgttc 
cgtsaataac 
aagctgatgg 
tatacatcgc 
ctttcgggaa 
gac^ggaata 
aac^tgtacg 
ttaaacgctc 
gtgtuaacgaa 
ccgttaaagc 
tgcaatgctc 
taccacgctt 
attgattgcg 
ctggagaacc 
caaettaatgc 
cttt=>ttcaat 



catcttcgca 
atatgtttcc 
aatcgttttc 
cttcgtctct 
gcgaccgttt 
caagaatcct 
tccttctcgc 
tataatttca 
tacatctttt 
tacacgttca 
ttcaattggt 
tattacttct 
ttgattcgtt 
cagacggaat 
tcttacttgc 
atagtctaat 
gttttcaatc 
ctgttctata 
ttctaattct 
gtgagatgct 
atttacttcg 
gtcaagtgat 
gaaatcaata 
gtccttttcc 
taaaccatat 
ggacgttgct 
aaacgtatct 



at -tgtctttt 
gg ctcttcag 
ggcgtaatac 
tc aatcgcaa 
tcattacgtg 
tc cttatcgg 
aa±aagttaa 
at acgttcta 
aagtagtctg 
tt-ttttgcaa 
cgi:atatcaa 
gg cgactgct 
tt ctcttcaa 
ccatgatcca 
ggcactgata 
aaogtatacg 
cc-tgaacaaa 
cgctgcgctt 
tt-ttcgatat 
gggaagattg 
cgaatacgat 
gc cgggaaga 
tcattacgtc 
atdccaactc 
at 3cacgaaa 
gagtgacgca 
gt-ttgtggca 



cacgctcttt 60 

cagctgtcgt 120 

catgctcttc 180 

tccccatcga 240 

ctgcacggcc 300 

catctaaaat 360 

taccaacgag 420 

acgttttcac 480 

ttaaatcctc 540 

tgcgatcttg 600 

ttggcggatc 660 

ctaattcata 720 

actcatcaaa 780 

caagcacttg 840 

cgtgggactc 900 

gcgttgcacc 960 

agcccatctc 1020 

ctaacaactt 1080 

tttcaatagc 1140 

ctacatgatc 1200 

caatttcatc 1260 

tttcaactac 1320 

catactgcac 1380 

gaagtgaaac 1440 

cactcgcaac 1500 

atttatcgat 1560 

catacgcttc 1620 
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tggctgataa taatcgtaat aactaacaaa atattcaact gcattattcg ggaaaaagtc 1.680 

tttcaactca ctatataact gtcctgctaa cgttttattg tg^gccatga caagcgttgg 1.740 

cttttgcact tctttaatga caiittgaaat cgtaaatgtc ttacccgttc ctgtcgcccc 1.800 

aagcaacact tgctttttct ttccactatt aattccctct acaagcttct ctatagctac 0.860 

cggctgatca ccttgcgggg aa'tacgctga gacaatttca aatrtgacg 3.908 

<210> 20 
<211> 9 
<212> PRT 
<213> Murine 



<400> 20 

Ser Pro Ser Tyr Val Tyr His Gin Phe 
1 5 



<210> 21 
<211> 9 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> PGR Primer 
<400> 21 

Ser Pro Ser Tyr Ala Tyr His Gin Phe 
1 5 



<210> 22 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 22 

gttaagtttc atgtggacgg caaag 2.5 

<210> 23 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 23 

aggtcttttt cagttaacta tcctctcctt gattctagtt at 4 2 

<210> 24 • 
<211> 43 
<212> DNA 
- <213> Artificial Sequence 

<220> 

<223> PGR Primer 
<400> 24 
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caaggagagg atagttaact gaaaaagacc t.aaaaaagaa ggc 43 

<210> 25 
<211> 26 
<212> DNA 

<213> Arti:f icial Sequence 
<220> 

<223> PGR E^rimer 
<400> 25 

tcccctgttc ctataattgt tagctc 26 

<210> 26 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PGR Primer 
<400> 26 

gtggacggca aagaaacaac caaag 25 

<210> 27 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 27 

gttcctataa ttgttagctc atttttttc 29 

<210> 28 
<211> 29 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PGR Primer 
<400> 28 

ctctggtacc tcctttgatt agtatattc 29 

<210> 29 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 29 

caatggatcc ctcgagatca taatttactt catccc 36 

<210> 30 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> PGR Primer 

<400> 30 

atttctcgag tccatggggg gttc-tcatca tc 

<210> 31 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 

<400> 31 

ggtgcbcgag tgcggccgca agcb-t 

<210> 32 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 

<400> 32 

cgattoccct agttatgttt accaccaatt tgctgca 

<210> 33 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 

<400> 33 

gcaaatitggt ggtaaacata actacrgggaa t 

<210> 34 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 34 

agtccaagtt atgcatatca tcaattt 

<210> 35 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 35 

cgatag'licca agttatgcat atcaticaatt tgc 
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<210> 36 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 36 

gtcgcaaatt gatgatatgc ataacttgga ctat 34 

<210> 37 
<211> 9 
<212> PRT 
<213> E. coli 



<400> 37 

Thr Pro His Pro Ala Arg lie Gly Leu 
1 5 



<210> 38 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 38 

ctgtgctttg cgaatggaaa gaagc 25 

<210> 39 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 39 

gttttcattc atacacttag acaagcgttg gcttttgcac ttc 43 

<210> 40 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 40 

gacaagcgtt ggcttttgca cttc 24 

<210> 41 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> PGR Primer 



<400> 41 

caaaagccaa cgcttgtcta agtgtatgaa tgaaaaccga gtgg 



44 



<210> 42 
<21L> 25 
<212> DNA 

<213> Artificial Sequence 
<220>. 

<223> PGR Primer 
<400> 42 

aagtgtatga atgaaaaccg agtgg 25 

•<210> 43 

<211.> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 



<210> 44 
<21L> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<40O> 44 

gaagcagaaa tgaagccaat actcaatc 28 

<210> 45 
<211.> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 



<210> 46 
<213.> 6 
<212> PRT 

<213> Bacillus anthracis 



<40O> 46 

Lys Val Val Lys Asn Lys 
1 5 



<40O> 43 

cata-taaagg ttccacaatt gccttttc 



28 



<40O> 45 

ggttccacaa ttgccttttc aataatc 



27 
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<210> 47 
<211> 12 
<212> DNA 

<213> Bacillus subtilis 



<220> 

<221> misc^feature 
<222> 5, 6, 7, 8 
<223> n A,T,C or G 

<40O> 47 

gaacxinnngt tc 12 

<210> 48 
<211> 331 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 



<400> 48 



Met 


Xiys 


Lys 


lie 


Met 


Leu 


Val Phe He Thr Leu He 


Leu Val Ser 


Leu 


1 






5 




10 


15 




Pro 


He 


Ala 


Gin 


Gin 


Thr 


Grlu Ala Lys Asp Ala Ser 


Ala Phe Asn Lys 








20 






25 


30 




Glu 




Ser 


lie 


Ser 


Ser 


Met Ala Pro Pro Ala Ser 


Pro Pro Ala 


Ser 






35 








40 


45 




Pro 


IjYS 
-"J 


Thr 


Pro 


He 


Glu 


Lys Lys His Ala Asp Glu 


He Asp Ser 


Pro 




SO 










55 60 






Ser 


Tyr 


Val 


Tyr 


His 


Gin 


Pile Ala Ala Asp Gin Ala 


Arg Glu Leu 


He 


65 










70 


75 




80 


Asn 


Ser 


Trp 


Val 


Glu 


Ser 


Gin Thr Asn Gly He He 


Arg Asn Val 


Leu 










85 




90 


95 




61X1 


Pro 


Ser 


Ser 


Val 


Asp 


Ser Gin Thr Ala Met Val 


Leu Val Asn 


Ala 








100 






105 


110 




lie 


Val 


Phe 


Lys 


Gly 


Leu 


Txp Glu Lys Thr Phe Lys 


Asp Glu Asp Thr 






115 








120 


125 




Gin 


Ala 


Met 


Pro 


Phe 


Arg 


Val Thr Glu Gin Glu Ser 


Lys Pro Val 


Gin 




130 










135 140 






Met 


Met 


Tyr 


Gin 


He 


Gly 


Leu Phe Arg Val Ala Ser 


Met Ala Ser 


Glu 


145 










150 


155 




160 


Lys 


lyiet 


Lys 


He 


Leu 


Glu 


Leu Pro Phe Ala Ser Gly 


Thr Met Ser 


Met 








165 




170 


175 




Leu 


Val 


Leu 


Leu 


Pro 


Asp 


Glu Val Ser Gly Leu Glu 


Gin Leu Glu 


Ser 








180 






185 


190 




lie 


Xle 


Asn 


Phe 


Glu 


Lys 


Leu Thr Glu Trp Thr Val 


Leu Gin Glu 


Leu 






195 








200 


205 




Asn 


Val 


Thr 


Val 


Arg 


Thr 


Ser Ser Asn Val Met Glu 


Glu Arg Lys 


He 




210 










215 220 






Lys 


Val 


Tyr 


Leu 


Pro 


Arg 


Met Lys Met Glu Glu Lys 


Tyr Asn Leu Thr 


225 










230 


235 




240 


Ser 


Val 


Leu 


Met 


lUa 


Met 


GXy He Thr Asp Val Phe 


Ser Ser Ser 


Ala 










245 




250 


255 




Asn 


XjCU 


Ser 


Gly 


He 


Ser 


Ser Ala Glu Ser Leu Lys 


He Ser Gin 


Ala 








260 






265 


270 




Val 


His 


Ala 


Ala 


His 


Ala 


61.U He Asn Glu Ala Gly 


Arg Glu Val 


Val 






275 








280 


285 




Gly 


Ser 


Ala 


Glu 


Ala 


Gly 


Val Asp Ala Ala Ser Val 


Ser Glu Glu 


Phe 


290 










2 9 5 300 






Arg 


^a 


Asp 


Bis 


Pro 


Phe 


Leu Phe Cys He Lys His 


He Ala Thr 


Asn 



16 



wo 2004/084936 



PCTAJS2004/003671 



305 



310 



315 



320 



Ala Val Leu Phe Phe Gly Arg Cys Val Ser Pro 



<210> 49 
<211> 8 
<212> PRT 

<213> Gallus gallus 



<4q0> 49 

Ser lie He Asn Phe Glu Lys Leu 
1 5 



<210> 50 

<211> 9 

<212> PRT 

<213> Homo sapien 



<400> 50 

Val Leu Gin GJ.u Leu Asn Val Thr Val 
1 5 



<210> 51 

<211> 9 

<212> PRT 

<213> Homo sapien 



<400> 51 

Tyr Leu Ser G3.y Ala Asn Leu Asn Leu 
1 5 



<210> 52 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 52 

Tyr Leu Ser Gly Ala Asp Leu Asn Leu 
1 5 



325 



330 
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